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TWECO “SUPER-MEL” INSULATION 


° 


af 

aE Withstands greatest impact of all 

holder insulations on the market. 

_- Insulation that continues to protect your 
weldor and machine after 9,000° F arc 

| usage. Will not pass welding current. 


TWECO 
TWECOTONG CABLE 


Electrode Holders 


CABLE SPLICERS 


CARBON 
Electrode Holders 
TERMINAL 


Connectors 
TWECO ==, Write for Twecolog <7 giving dato and prices on the complete TWECO line of 


Ground Clomps 


ai 


electrode holders, ground clamps and cable connections for electric welding 


DS we 


PRODUCTS COMPANY 


YOUR WELDING SUPPLY DISTRIBUTOR 


Stands abuse that ruins all other holder insulations on the market 


Ot 


Will not carbon char even after 
3 minute 6,200° F torch test. 


Long lasting! Heat defying! Insulates 
perfectly after heavy duty that completely 
destroys other holder insulations. 


Tweco “Super-Mel” insulation is the secret of the superior econ- 
omy and efficiency of the popular Twecotong electrode holder. 
Like all Twecotong tip insulations, “Super-Mel’’ is quickly 


replaceable. Top and bottom jaw tip insulators are interchange- 
able and can be replaced with one stock item. 


end Ot-Gere Connectors Laminated glass cloth, 22 layers impregnated and molded with 

: “Super-Mel” resin binder, produces th 
insulation. The tips are so rugged that even 80% arc time under 
hottest possible welding conditions will not destroy their efh- 
ciency. Their patented, close fitting design (keyed to the holder) 
withstands tremendous impact. They are so durable and long last- 
ing that many welderies report 50% to 300% greater useful life. 


is amazing “Super-Mel” tip 


MANUFACTURERS OF ELECTRODE 
HOLDERS @ GROUND CLAMPS 
@ CABLE CONNECTIONS 
FOR ELECTRIC WELDING 


ENGLISH AT IDA @ WICHITA 1, KANSAS 


TENTS? we i 
< 
60 
SEE 


MORE FOR YOUR 
MONEY. . . a Hobart 
has more built into it, 
that's why you get 
MORE out of a Hobart 


0. C. Electric Drive 


A. C. Transformer Type 


0. C. Generator 


BIGGEST VALUE welders! 


Portable or Stationary welders are built by Auxiliary Power Units in combination with 


HOBART in one of the largest, most complete HOBART gas engine or belt driven welders are 

lines available today. No matter what your available in several sizes of A. C. and D. C. 

welder requirements may be, you'll find it will welder—power combinations. Check the cou- } 

pay you to investigate and compare before pon for more details on how lights, motors and A. C. Weider—Power Plant / 

you buy. tools can be operated on the job, in addition to 
A. C. or D. C. Welding can be done easier, welding, to bring you extra profit-making } 

faster and better than you ever thought pos- advantages. : 


sible. HOBART Welders have a wider welding Lower Welding Costs with less maintenance, 


ange than any other arc welder of similar longer machine life and easier operation are 
é rating. Exclusive features, including Multi- facts in HOBART Arc Welders—facts which can / 
Range Dual Control and Remote Control, re- be proven beyond any question, without obli- : 
‘ sult in more welding per day at lowest costs. gation. Mail the coupon for more details on ' 


today's biggest arc welder value. 


D. C. Welder—A. (. Power Plant 


Diesel Drive—Road Trailer 


this 


‘Discovery 


Manufactured by “One of the world’s largest builders 
of arc welders” 


HOBART BROTHERS COMPANY, BOX W4J-10, TROY, OHIO 


We want more proof that HOBART is todcy's biggest value in arc welders 


of —_.. OMpP. capacity. Also send information on items checked 
Many = , aw find by running a D. C. Gas Engine Drive [] D. C. Electric Drive A. C. Transformer Type 
fest int their s thet HOBART Electrodes D. C. Generctor Only A. C. Welder—A. C. Power D. C. Welder— 
increase welding Ypeet, reducing the cost A. C. Power D. C. Welder—D. C. Power A. C.- A. C. Generator Only 
of labor, electrodes, Baw@e, etc. Check cou- D. C. Diesel Drive [] Rood Trailers Electrode Catalog Accessories 


pon for catalog listing Wy nge of sizes Catalog 
and types made for A.C. a welding. 
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STAINLESS 
ELECTRODES 
BEAR THE MaT LABEL 


‘ Twenty-one stainless steel electrodes—selected by Metal & Thermit for 
° peak performance under every condition—provide the answer to every 


stainless steel welding requirement... and give you sure and easy 
selection of the one right electrode for the job at hand! 

Whether you are fabricating stainless for corrosion resistance or 
i heat resist hether you need straight 18-8 or 25-20 or 25-12 
' or whether you require columbium, molybdenum or other modification of 
these analyses—there’s an M&T rod to match your needs. Available too, 
with lime or titania coatings for DC and with specially designed coatings 
for both AC and DC welding. 

For the correct answer to your stainless steel welding problems, write 
a for the new descriptive bulletin and handy selector chart on Metal & 
Thermit stainless steel electrodes. 

M &T Stainless Electrodes are members of the “Select 70" —a group of 
seventy outstanding electrodes offered by M& T— along with M&T 
AC and DC welding machines, and M & T accessories—to provide every- 
thing needed for arc welding—arc welding of top-notch quality. 


METAL & THERMIT CORPORATION 


120 Broodwoy * New York 5, N.Y. 


NEW ARC WELDERS BOOST 
AC and DC PERFORMANCE 


F welds, lower power costs, and 
simplified maintenance are furnished 
by a new line of AC and DC arc 
welders introduced by Metal and 
Thermit Corporation. 

Built-in capacitors for high power 
factor, wide current range for full 
rated output, and, fingertip, stepless 
current control for precise current set- 
ting are featured in the AC units. 
Available in 150 to 500 amp. models 
for manual arc welding, additional 
models for inert arc and automatic 
welding. 

Full capacity, rugged duty DC are 
welders are compact, light in weight— 
half the size and half the weight of 
older types—and are equipped with 
simplified current control, automatic 
electrode selector. Furnished in 150 to 
400 amp. sets—-motor driven, engine 
driven or belt drive. 

Descriptive folder gives full par- 
ticulars. Address Metal and Thermit 
Corporation, 120 Broadway, New 
York 5, N. Y. 


ACCESSORY 
DIVIDENDS DECLARED 


the importance of 
proper accessories to top weld- 
ing performance, more and more fab- 
ricators are taking pains with selec- 
tion of accessories. Speedier, lower 
cost, safer and improved welding are 
assured when such items as helmets, 
shields, holders, connectors, cleaning 
tools and protective clothing are care- 
fully selected. And more and more 
fabricators—sold on M & T electrode 
and arc welder performance are 
specifying the M & T line of “‘acces- 
sories to the perfect weld.”’ For de- 
scriptive literature, address Metal and 
Thermit Corporation, 120 Broadway, 
New York 5, N. Y. 
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Mallory Fluted Tips 
For Resistance Welding 


Set New Records 
For Low Cost Per Weld! 


New reports are coming in daily... field experience proof 


Cross-section illustrating the exclu- 
sive Mallory Fluted water hole.* 


REASONS WHY 
MALLORY FLUTED TIPS 
ARE SETTING 
WELDING RECORDS 


that Mallory Fluted Tips are showing life increases ranging 
from 10% to 600%. As a result, more and more companies 


are standardizing on Mallory Fluted Tips. 
@ 70% increase in cooling area. There’s no telling until you try them just what percentage 
increase these record-setting tips will show for vou... 
@ Faster heat dissipation. iy 

but, since they cost no more, it’s a sure bet that any increase 


@ Reduced mushrooming. in life means a cost reduction for you! 


@ Less frequent dressing. That's value beyond the purchase! 


®@ More rigidity. Why delay further? You'll start saving money the day you 


start using Mallory Fluted Tips. Prompt shipment can be 


{vailable in all types of tips with 


made from stock . write now, advising your requirements! 
£2. and Vorse tapers. 


West Coast Office and Warehouse: 1338 So. Lorena St., Los Angeles 23, California 


In Canada,made and sold by Johnson Matthey & Mallory. Ltd..110 Industry St., Toronto 15, Ontario 


Resistance Welding Tips, Holders, Dies, Rod and Bars, Castings, Forgings 


SERVING INDUSTRY WITH 


Capacitors Contacts P.R.MALLORY & CO. Inc. 

Controls Resistors 
Rectifiers Vibrators 

Special Power 


Switches Supplies 
Resistance Welding Materials 


*Potent Pendin 
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This manufacturer of aluminum truck bodies cut his cleaning costs to 
the bone by changing to the HeLiarc welding process. With HeLiane weld- 
ing he gets clean, sound welds with no spatter and without using flux. ‘The 


W | 
e Aluminum net result of eliminating the cleaning of flux and spatter metal is a large 


saving in time, money, and materials. 


with a You can get these savings too. Use the HELIARC process to weld aluminum, 
magnesium, Monel, and Everdur. No flux is used for any of these metals. 


“HELIARC” Torch Heviarc welds are so smooth and clean that many articles need no finishing. 
If the article is to be finished so that the welds do not show, it takes only a 

light grinding to remove the smooth, even ripple and produce a flush surface. 


and Cut Get more information on the inert gas shielded are welding process. 


Linpe’s free booklets. on HELIARC welding show equipment, techniques and 


Cleanin Costs applications. Just mail in the coupon and we will send you this free helpful 
information. 


“Heliare™ and “Linde” are registered trade-marks of The Linde Air Products Company 


THE LINDE AIR PRODUCTS COMPANY 
Unit of Union Carbide and Carbon Corporation [aa 

30 East 42nd Street, New York 17, N. Y. 

in Canada: DOMINION OXYGEN COMPANY, LIMITED, Toronto 


THE LINDE AIR PRODUCTS COMPANY 
30 East 42nd Street, Room 1402 
New York 17, N.Y 


Gentlemen: Please send me more information about Heuarc Welding. 
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TRADE- MARK 


FOR METAL-SPRAYING, 
WELDING, and FABRICATED 
WIRE PRODUCTS 


Hasre..ioy nickel-base alloys, in the form of drawn wire, 
are available for the fabrication of corrosion-resistant screen, 
cloth, and baskets. The wire is also excellent for metal-spray- / 


METAL-SPRAYING 


2 and for many types of automatic welding and hard-facing. 


_ Hasretroy alloys have a tensile strength comparable to 
hat of the high-strength alloy steels, and possess unusual 
a. even at elevated temperatures. These alloys are 
Specially designed to withstand the most severe conditions 
chemical corrosion. Nickel-molybdenum alloy B is particu- 
rly resistant to hydrochloric and sulphuric acids, many 
nic acids, and all alkalies. Alloy C, a nickel-molybdenum- 
hromium-tungsten-iron composition, has excellent resist- 
nce to strong oxidizing agents, such as ferric chloride and 
et chlorine, and is outstanding in its resistance to brine 
and salt spray. 


_ In addition to Hasrevoy alloy wire, you can also obtain 
wire made of Mtttrimer alloy—a_ cobalt-chromium-nickel 
composition developed for service at elevated temperatures. 


_ Cut and straightened lengths or coils, in diameters down to 
0.060 in., can be obtained directly from Haynes Stellite Com- 
pany, Kokomo, Indiana. Wire in diameters less than 0.060 in. 
down to 0.002 in. is available from an associate company, 
Kemet Laboratories Company, Inc., Madison Avenue and 
West 117th Street, Cleveland 1, Ohio. For more complete 
information, write for a copy of the booklet, ‘“‘HasreLLoy 
High-Strength, Nickel-Base, Corrosion-Resistant Alloys." 


Haynes Stellite Division 
Union Carbide and Carbon Corporation 
UCC 
General Offices and Works, Kokomo, Indiano 
TRADE. MARK Lb mt hi Sales Offices 
Chicago — Cleveland — Detroit — Houston 
los Angeles — New York — San Francisco — Tulsa 


The terms “Haynes,” “Hastelloy,” “Multimet,” ond “Unionmelt” are trade-marks 
of Union Carbide and Corson Corporation or its Units. 
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Importance of Design to Tanks and 
Pressure Vessels 


® Sound engineering design of pressure vessels cannot be assured 


solely by applying code formulas. 


For extreme services the designer 


needs to know more about stresses and strains in critical areas and 
the characteristics of many kinds of steels which may be used 


by Walter Samans 


SUMMARY 


HIS paper, after introductory 
presentation on the developments in 
the Unfired Vessel Code 

as an offshoot from the Boiler Construction 

Code of the A.S.M.E., aims to show that 


Pressure 


sound engineering design cannot be assured 
solely by applying the formulas given in 
the Code 

The develope nt in new uses for 
pressure vessels because ot the growth ol 
resulting 


chemical processing and the 


demand for extreme temperatures and 
pressures beyond the range of most steam- 
boiler designs has called the attention of 
the designer to the need for his better 
knowledge of the characteristics of the 
many kinds of steels to be used Such 
data are only partly covered in material 
specifications because these are too gene ral 

The technological problems involved 
add greatly to the required duties of the 
pressure vessel Inspector and attention 
is called to the control now exerted by the 
engineers in many large industries of the 
design, construction and inspection of 
pressure vessels built under these mors 


complex rules 


Presented at the Thirtieth Annual 


3., Cleveland, Ohi week of Oct 
mitte 
209 39th St 


January 1950 


Samans 


There is included a general analysis of 
basic principles behind the relationship 
f load distribution vs stress concen- 
tration at abrupt changes of shape in the 
vessel wall and around opening reinforce- 
ments of all sizes, and at the attachment 
of supports tor external loadings on the 
vessel or to carry the weight of the vessel 
itself 

The closure is a special reference to one 
form of vessel which may fail due to elastic 
instability because of its unusual shape 

The Subcommittee on Unfired Pressure 
Vessels of the Boiler Code Committees 
would like to have readers of this paper 
forward all formulas and design data not 
now in Section VIII, 1950 Edition, which 


thev believe should be included. * 


INTRODUCTION 


Several vears ago, the author was 
isked by 


A.S.M.ic. Code for boilers and pressure 


a structural engineer why the 


vessels had to be so frequently revised and 
why it was necessary to hold monthly 
meetings of the Boiler Code Committee 
to take care of questions on the Code that 
came in. The inquirer said he had in 
mind the longer time which existed bet ween 
revisions of structural codes and other 
building codes in general without requiring 
meetings. His 


such frequent interim 


question just. emphasized a generally 
known human failing, in that we may have 
our noses so close to the grindstone that 
we fail to realize that others’ problems 
may be more complex than our own 

engineering, although its 


always progressing to 


Structural 
design rules are 
meet the need for larger structures, is 


seldom influenced by process operations 


Tank Xx and Pre saure Ve SSE ls 


On the contrary, for steam boilers and 
unfired pressure vessels the increased use 
of chemical processing has resulted in both 
larger units in production capacity and 
nereased operating temperatures and pres- 
In fact, the deve 
for Use In processing 


sures lopment in unfired 


pressure vessels 
operations exceeded the deve lopment of 
higher temperature and pressure ratings 
for boilers and sup rheaters 

This has resulted in placing in the un- 
fired pressure vessel codes more extensive 
detailed information than many engineer- 
ing designers, detailers, she ibricators 
and inspectors have been accustomed to 
using within the limits of their training, 
and this applies as well to the author of this 
paper 

Just within the last two months, the 
secretary of one interested organization 
restated a feeling which is not new that the 
unfired pressure vessel code was becoming 
too much of a textbook in nature rather 
than the general guide that most of those 
eoncerned with unfired pressure vessels 
required. No doubt he had i 
Proposed Revision o ection VIII of 
the Code 


provide the rules f 


mind the 


Appendices 

of other 
than simple vessels shipping sizes 
These added rules 
from the main text bee of the greater 


excluded 
complexity of Unfortu- 
nately, from the de ers angle, this is 
only a part of the stor wecuuse the safe 
design of many unfired pressure vessels 
processing, 
takes in much more territory than can be 
formulas alone. 


covered b present 


DEVELOPMENT OF CODE 


The few limitations placed on the first 
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writers of a separate code for unfired 
pressure vessels over 25 years ago, in- 
cluded the application of material speci- 
fications and design rules much like the 
rules for boiler drums, plus fabrication 
and inspection requirements basically 
within the diseretion of the inspector 
These had in mind comparatively simple 
tanks which were considered safer than 
Because of but few cycles of 
temperature change with no applied 
radiant heat, and not fully cognizant of 
the corrosion problem, the first edition of 
the new code seemed quite simple. It was 
prepared under the sponsorship of the 
Boiler Code Committee of the American 
Society of Mechanical Engineers as 
Section VIIL of the Boiler Construction 
Code. Its first publication in 1925 was 
followed by revisions, which are now made 
about every three vears, with changes in 
the interim covered by Addenda sheets 
issued annually. The latter are based 
largely on interpretations requested by 
sason of improvements in the manufac- 


boilers. 


ire of materials and methods of fabrica- 
Bion. 

_ The one improvement in the construe- 
tien of pressure vessels which indicated 
reatest progress was the joining 02 parts 
4 welding, particularly eleetrie-fusion 
Welding which dates back only about 20 
yrs. Since then, the need in chemical and 
Petroleum processing for many varieties 
Of alloy steels which have little use in 
boiler construction has added the task 
of writing adequate specifieations into 
the pressure vessel code, to cover the fab- 
Fieation treatments 
Pequired 
' The wide range in sizes of vessels to 
be made, and therefere the thicknesses 
And special applications, have developed 
new methods of fabrication not now fully 
new code The 
including 


methods and heat 


fovered, even in the 
Jargest 
Penstocks, water conduits and oil pipe 
wind 


pressure vessels, not 


fines, are aeronautical tunnels 
One unit may embody 1200 
tons of steel in its pressure parts and eost 
at least $500,000 for the bare vessel before 
adding any extraneous expenses for sup- 
Many 
from $50,000 to 


well over 


ports, housing and accessories 
processing vessels cost 


$100,000 each 


NEED FOR MORE RESEARCH 


In the material which 


particularly im the 


deseriptive 
follows, examples 
given, there are references to duetility 
vs. brittleness of steels, plastic deforma- 
stresses that may 
with the 


widing to the complexity of 


and residual 
These are not 


result given 


intent of 


wording in the construction code, but 


merely to indicate here how strain and 


measurements on pressure 


stress 


vessel research projects, such as have 


been in progress at Purdue® and Lehigh’ 
Universities for over 2 vr. under the spon- 


sorship of the Pressure Vessel Research 
Committee, are very necessary for proper 
stress analysis. They more clearly in- 
dicate the need for improved design studies 
rather than a justification for the applica- 
tion of more exact formulas to all pressure 
vessels built for moderate pressure and 
temperature operation 

When to results of room temperature 
tests there are added the possible effects 
of temperature fluctuations in service, 
with temperature differences existing 
through sharply curved parts of pressure 
vessel walls already under elastic strains, 
the impossible task of providing practical 
formulas to cover such items in & pressure- 
vessel code can be realized. 


NEED FOR MORE ENGINEERING 


It is not the author's purpose to over- 
emphasize herein the deficiencies it 
present Code requirements, but rather to 
point out to the designers, and to their 
supervisors, that conformity to the simple 
formulas which even the latest additions 
to the Pressure Vessel Code will contain 
will not always assure safe designs for all 
kinds of service conditions. Emphasis 
is placed, however, on the need for having 
complex pressure vessels, built for process 
temperatures below —20° F. or above 
650° F. and all those using alloy steels, 
designed by men familiar with more than 
the simple dimensional problems involved. 

In placing this requirement on designers, 
reference to the responsibility of shop 
fabricators and inspectors on materials, 
shop or field construction and testing is 
purposely omitted. While they must 
carry out rules into practical construction, 
it has become quite usual for pressure 
vessel engineers in industry, and par- 
ticularly those in large organizations hav- 
ing a staff of engineers of varied training 
and experience, to regularly cooperate in 
formulating not only complete specifica- 
tions and in supplying design drawings 
bearing all the essential directive notes 
thereon, but also to exert a check on their 
own company’s shop and field inspection. 
When vessels are built subject to legal 
requirements, their activities supplement 
the work of official state or city inspectors, 
and usually also that of insurance in- 
At the same time, the company 
1 familiarity with the 


spectors 
Inspectors obtain 
vessels se inspected to aid their later 
inspection oO these vessels in service. 
In considering Inspection practices, all 
their proper 


wencies should be given 


«hare ot ere dit 


MECHANICAL PROPERTIES Vs. 
SERVICE NEEDS 
This is not a paper on the relation of 


vield strength to fracture or ultimate 
tensile strength and how designs might be 
bettered in the case of higher strength 


steels as compared to mild-carbon steels 


Samans— Tanks and Pressure Vessels 


Neither is it to include a discussion on the 
economic factors to be considered when 
resistance to corrosion or an extreme of 
high or low temperature is paramount, 
involving the use of costlier higher alloy 
steels; nor is it to advocate the use of 
higher stresses where actual tests of 
materials in their condition in the finished 
vessels seein to warrant higher unit stresses 
in design. All these questions have been 
raised by users and manufacturers with 
regulatory and code authorities. They 
receive a mere mention here only to point 
out that higher service stresses impose a 
need for greater care in streamlining 
details of design and for taking advantage 
of knowledge gained applicable 
test data. 

The «ifliculty of correlating test data 
more accurate designs casts 


from 


to permit 
ubt on the suitability of 
sele ted on the basis of such data for 


materials 


specific service in pressure vessels 


Po cor iplete @ necessary reference to 
the quatity of materials used with relation 
to their specified characteristics under 
acceptable code specifications, the author 
refers designers of vessels to 
a series of lectures presented under the 
title of “Strength of Metals under Com- 
by Dr. Maxwell Gen- 
statements that 


pressure 


bined Stresses,” 
samer.' Some of the 
follow seem to be substantiated by the 
experimental findings included in these 
ectures, 

Without going into details, which can 
be assimilated more readily by the study 
of that publication, attention is called to 
one basic assumption that is practically 
true. It is that plastic deformation of 
steel which is isotropic does not change 
its volume.‘ Furthermore, in regions of 
equitriaxial stress in any mass of isotropic 
steel there is no plastic strain preceding 
failure. For anisotropic specimens, the 
nature of a fracture for such a test reflects 
the direction and amount of previous 
work. 


NATURE OF STEEL FRACTURE 


This leads to the speculative idea that 
under high biaxial principal stresses, the 
resistance imposed against distortion in an 
element of a pressure vessel is accom- 
panied by some type of incipient internal 
is called ductile 


shear failure in what 


material The resulting reduction in 
area transverse to the principal stress 18 
not dangerous enough to cause an early 
failure until it has progressed to the point 
where a simple caleulation would indicate 
that the stress is far beyond the yield 
uniaxial 


determined from 


For static loading of 


strength as 
tensile specimens 
pressure vessels, this is an assurance that 
limited distortion due to fabrication and 
Still, 
all the more an effort must be made to 


the pressure test need not be feared 


prevent by more careful design any possi- 
bly excessive distortion which might take 
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place within narrow limits, and to mini- 
mize stress concentrations in vessels sub- 
ject to pressure and temperature fluctua- 
tions that could produce a fatigue failure 

Because distortion is associated with the 
modulus of elasticity which for all steels 
is practically the same, one is apt to forget 
failure 
which is not primarily a tensile or a com- 


that there may be an incipient 


pressive failure but a progressive micro- 


scopic shear fracture as, for example, 
that preceding the appearance of a tensile 
erack on the face of a specimen.‘ To 
illustrate this, consider the necking type 
of fracture that usually occurs in a round- 
bar tensile specimen pulled at room tem- 
perature. It frequently appears to be a 
which with a 


cleavage fracture at or near the center 


conical fracture begins 
of the specimen where the greatest re- 


straint occurs Lower temperature or 
higher speed of load application reduces 
the degree of reduction in area before any 
fracture becomes evident on the surface 
In every type of wide bar or plate speci- 
men, and 


elements of pressure 


therefore most certainly in 


vessels, a reduction 
of thickness is accompanied by dis- 
tortion in planes at 45° to the lines of 


principal stresses, and will be greatly 


localized at sharp re-entrant corners or pro- 
jecting edges. 


CYCLIC STRESS RANGES 


Many 
the phenomena of fatigue, and of these the 


treatises have been written on 


larger number were intended to apply to 
the analysis of stress and strain in machine 
parts, which are generally operated under 
result in high- 


force fluctuations that 


fatigue failure. It is 


questionable how far fatigue phenomena, 


speed types of 
due to pressure variation only, enter into 
the strain-stress relationships of ordinary 
pressure vessels. R apidly pulsating pres- 
sures are of another kind 

What is sometimes more important, in 
certain high-temperature operations where 
differentials 
vessel wall are 100° F 
the frequency of temperature fluctuations 
is that 


temperature through the 


or more, and where 


may be as low as 35,000 annually, 
the vessel wall may crack in from 6 to 
18 months 
with no cracks in 


This is serious, as compared 


processing pressure 


fluctuations which exceed 100,000 to 
200,000 annually. Thickening of the 
wall is not always the sole remedy \ 


change in shape or more efficient insula- 


tion may be the proper answer 


STRAIN IN ELASTIC RANGE 


The amount of elongation permitted in 
a tensile specimen cut from the material 
as made and heat treated, if a casting or 
heavy-rolled plate, or if cut from the 
material as rolled for thinner mild-steel 
plates, is not the best criterion for deter- 
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mining the long-time safety of a pressure 
Whether the ductility 
of a steel is judged by elongation of test 


vessel in service 


specimens, or the reduction of area, the 
figures cannot be an absolute measure for 
the condition in which the steel exists 
after the vessel is built. Also, because 
there are certain phenomena in the ex- 
tension of specimens which are duplicated 
in test vessels, as exemplified in the 
Purdue tests’ where there was a sharp 


knuckle 


a conical head, it 


corner or small transition be- 
tween a cylinder and 
need not be necessarily assumed that the 
internal changes in microstructure are of 
the same pattern. For example, in a 
simple tensile specimen there might be a 
constant aggravation of microscopic shear 
fractures, while in a pressure vessel these 
may be accompanied by a change in shape 
as, for instance, ar increasing radius of a 
knuckle accompanied by a.shift of the 
neutral axis for the bent elements. The 
assumption of load by the adjacent plas- 
tically deformed metal in the hoop diree- 
tion of the cylinder and cone, under the 
extra restraint may carry the load safely 
around the points where the initial micro- 
scopic shear fractures have taken place 
It is interesting that in tests at Purdue, 
the maximum longitudinal stresses near 
the juncture of the cone and cylinder, 
within the elastic range under less than 
the design pressure, were found to be as 
much as two to five times the hoop stress 
simultaneously imposed on the cylinder. 
The earlier mention herein of the Purdue 
tests did not refer to the difficulty of 
determining exactly what these stress 
measurements can reveal within such small 
volumes of anisotropic metal as are under 
This difficulty 


would still exist if the test vessels were 


unequal triaxial stress. 


much larger. These shapes prohibit the 
cutting out of specimens and slicing them 
to obtain measurements of progressive 
relaxation, as has been done on other 


simpler test shapes 


HYDROSTATIC TEST VS, DESIGN 


It is on account of what some think 
tlmost unsolvable problems in 
seeking to correlate theories of metallurgy 
ind stress analysis with pr actical uses of 
steels, that a hydrostatic test continues to 
be generally advocated for all com- 
mercially made vessels Not only is this 
test, as carried over from riveted practice, 
and as supplemer ted by a hammer test 
a period when 
brittle, 


effectiveness of the 


which was first applied at 


electric-fusion welds were more 


made t 


» prove the 
welding procedure and the welder’s work 
but also to stretch plastically points of 
local stress concentrations, including the 
longitudinal welds and the girth welds 


Its usefulness ir 


corners, or at junetures 
and other sharp changes in shape or sec- 
tions, depends largely on contour changes 
where concentrations of stress occur 

Vessels 
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It is almost unnecessary to mention, 
except for record and as an aid to students, 
that imposed loads due to various types of 
attachments usually produce the highest 
combined stress in the vessel wall when the 
vessel is filled in the hydrostatic test at 
maximum pressure ; the out-of-roundness 
in the wall will be less when the vessel 
is full of liquid under internal pressure, 
than when the vessel is partly filled with 
liquid, or under no pressure. For super- 
imp wed loads above the vessel, the attach- 
highly stressed 


ments are usually most 


when the upper equipment is imposing 
the maximum load with no pressure in the 
the details of direct load-bearing 


members can limit the maximum combined 


vessel 

stresses Designs should be based on the 
worst conditions in service and not neces- 
sarily on imposed loading that exists for a 
The latter 


need be considered only in case a per- 


short time only during tests 


manent set can occur during the hydro- 
static test, which will leave the attach- 
ment in a weaker condition than before 
the test 

For related reasons, the designer does 
not take into account the 10% excess 
pressure allowed in the vessel when a 
relieving device is blowing at its designed 


tlow capacity 


DESIGNERS’ SKILL 


In selecting the foymulas in the unfired 


pressure-vesse! codes if was surmised 
that designers would be sufficiently com- 
petent to take care oi details not specifi- 
cally covered ind those not subject to pres 


This 


will be familiar not only wit! 


sure loading iwssumes that they 
ill types of 
such details and how they were economi- 
cally fabricated in the shop, but also that 
they will have some understanding of how 
strain and stress are distributed when the 
most economical provision is made for 
SUPETITM Pose d loads This presupposes it 


skill that the ordinary 


have likewise, that the 


draftsman does not 
iverage trained 
engineer acquainted with imnother type of 


structure is usually equally familiar 


with construction ot pressure vessels 


This is generally not true, partly because 
of the tendency to copy details of design 


to save time, which may prove repre- 


hensible on any but the simple st designs 
because the membrane stresses which are 
ilthough 


to be used in the code formulas 


providing for a so-called factor of safety 
to cover various unknown tactors should 
not be expected to ffset gross crudities of 


design 


PRINCIPLE OF LEAST WORK 


Nature 


easiest possible manner or 


performs its functions in the 
in other words, 
with the least expenditure of energy 
On this principle engineers have developed 
theories to analyze the 


strain energy 


changes in shape and the loeation and 
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direction of the principal stresses. Plastic 
models may now be used so that with 
polarized light the stress distribution can 
be visualized and recorded. This prin- 
ciple was once called the Principle of 
Least Work, now more often referred to 
as the path of least resistance. On that 
basis maximum forces tend to center in a 
plane that intercepts the shortest line 
between the course of load application and 
the center of gravity of the material that 
would normally carry the stress pattern 
if there was no discontinuity. 

On a symmetrical shape--as, for in- 
stance, a symmetrically formed head 
attached to a simple cylinder, and assum- 
ing that stress relieving and radiographing 
have produced as perfect symmetry as is 
possible in character of material, thick- 
nesses and uniformity in shape, the prin- 
cipal stress pattern follows circles con- 
centric with the axis of the vessel and along 
meridian lines that are parallel to the axis 
of curvature and meet at the center of the 


head. 
SHAPE VS. STRESS DISTRIBUTION 


The above refers to the simplest shapes. 
Except for the discontinuity, the mem- 
brane formulas now in the code provide 
Batisfactorily for under internal 
pressure. With heads of standard shape, 
@ correction factor as a constant in head 
formulas 
®@ontinuity stress where the contours across 
the head to shell juncture are properly 
tapered 
Pressure on 
Pombinations of 
Btresses and bending stresses which are 
@dditive on the inside of the juncture 
Whether there is internal pressure causing 
Maximum tensile forces or external pres- 


heads 


provides adequately for  dis- 


Internal pressure or external 
the vessel will then cause 


longitudinal direct 


Bure with maximum compressive forces. 

If a formed 
Attached to a eylindrical shell without a 
kouckle, the high stress concentration 
Which occurs on the inner corner may 


symmetrically head is 


under favorable temperature conditions 
result in plastic yielding without forming 
eracks, but adverse service conditions with 
a relatively small series of pressure fluc- 
tuations may start a erack, and therefore 
this type of construction is not generally 
permitted. The stress intensity obviously 
is a function of the thickness to diameter 
ratio. Although the research work done 
at Purdue was concentrated on a conical 
head, the theory in the stress analysis will 


apply equally well to other types of formed 
The reason for using the conical 


heads 
heads in those tests was that the design of 
conical heads directly joined to evlinders 
was more controversial than the design 
for other types of heads.. The simple 
formula now in use embodying the factor 
disregards that under elastic 
strains it is possible that the thickness of a 
conical wall of umform thickness when 
there is a knuckle (element of a torus) 


might be made less. 


1/cos a 


10. 


Even though the proper details are 
used at the junctures of heads and shells 
and in other changes in shell shape, there 
are many other details which are in com- 
mon use on pressure vessels which are 
designed largely by rules of thumb based 
on experience. 

There is a general rule in Par. U-72(f) 
(1),' which reads in part as follows: 
“Except where specific details are per- 
mitted in other paragraphs, the design 
of welded vessels shall be such, that if 
bending brought directly 
upon a welded joint, the design shall be 
analyzed to keep the maximum stress 
within the allowable limits, and complete 
weld penetration through the thickness 
of the joined plates shall be obtained, with 
fillet welds where 


stress 


stresses are 


added necessary to 
reduce concentration.” It grew 
out of a simpler rule which was originally 
added under the general heading of U-72 
“Preparation for Welding.” 

This rule is really only a cautionary note, 
and therefore cannot be sufficiently direc- 
tive, but the suggestion should be con- 
sidered in designing opening reinforce- 
ment, supporting details of all types and 
large piping with questionable flexibility 
projecting from the vessel wall on which 
torque may be imposed in addition to 
bending moments. 

The reinforcement around openings is a 
most common detail, and one that has 
received much attention from the engineer. 
Manufacturers of parts such as nozzles 
and manheads have generally considered 
the Code rules as requiring intelligent 
application, with the idea that approved 
fabricating provide the 
necessary fillets or gradients in shape 
which will at least give some streamlining 


practices can 


effect to the completed assembly on the 
Small parts are generally suitable 
because concentration, although 
localized at the attachment welding, is not 
excessive if the welds are of the minimum 
The exception is on 


vessel, 


stress 


permissible size 
vessels intended for very low temperatures 
where more care should be used, depending 
upon the extreme of low temperature and 
the ductility of the materials. 


SUPPORTS 


Much has already been published on 
supports for horizontal cylindrical vessels, 
and as these are generally used for storage 
of contents at moderate temperature they 
offer few difficulties, except in 
large field-assembled sizes. Saddle-type 


design 


supports for thin-walled tanks and pres- 
sure vessels may be designed to advantage 
on principles for ring girders described 
by H. Schorer,’ but in large vessels ring 
girders are preferred. For vertical vessels 
usually built for process operations, their 
height may bring in wind loads to a greater 
degree, and the general practice for larger 
vessels of considerable height is to apply a 
skirt of the same inside diameter as the 
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shell, or to use a detail at this location 
similar to that shown in Fig. U-18(d).! 
When a marked temperature difference 
exists the upper edge of the skirt where 
attached to the knuckle is slotted to 
provide intermittent attachment. The 
practice of lapping the upper edge of the 
skirt past the knuckle that is over the head 
flange may be satisfactory for lighter and 
shorter vessels, and in that case legs or 
brackets should prove equally so. It is 
desirable that the girth-to-shell 
seam weld be not covered. 

On the application of formulas for skirt 
thickness required, refer to Timoshenko’s 
“Theory of Elastie Stability,”'' Articles 
81, 84 and 87, the last named being in- 
eluded because the critical loading for a 
spherical subjected to external 
pressure is shown to be theoretically the 


head 


vessel 


same as for a cylindrical shell under the 
action of uniform axial loading. 

For very short skirts, when the length 
L of the cylinder is such that (#/L)? is 
equal to or larger than 2k 3(1 u?)/t 
there will be only one half-wave in the 
axial direction and the permissible maxi- 
mum determined by a 
formula which is Euler's formula for an 
elemental strip: S = r*£t?/60 (1 — u®)L* 
with a maximum of 10,000 psi., in which 
t is the skirt thickness, FE is the modulus 
of elasticity for steel, R is the skirt radius, 


stress can be 


and « is Poisson's ratio (usually taken as 
0.3). 

For greater length of the cylindrical 
skirt, the following formula,'? which is 
independent of the length of the skirt, 
may be applied with 10,000. psi 
maximum permissible stress S = £t/18 R- 
— 
written, without appreciable deviation, 
as S = 1,000,000 ¢/R and was first sug- 
gested by H. C. Boardman about 1939. 
When assuming what seems to be a prac- 


as the 


This formula may be 


tieal skirt thickness, use the above for- 
mulas for a check 

The last two formulas are based on use 
of the stresses given in Table U-2 of 
Section VIII.'| The added factor in the 
denominator is not 5 the “factor of safety” 
that determined the stress values, but in- 
cludes an added factor between 3 and 4 
because of a discrepancy from the theo- 
retical formula found in actual tests on 
spheres under external load 

The results of these tests were reported 
in 1939 by von Karmén and Hsue-Shen 
Tsien,* as in agreement with previous 
tests on axially loaded thin cylinders to 
Their 


conclusion is based on the possibility of 


which the same formula applies. 
failure starting on a localized area denting 
inward and might be termed “dimpling 

Caution: In design, include wind effect 
and use special additional safety factors 
in areas subject to earthquakes 


OPENING REINFORCEMENT 


Let us consider what is now in the Code 
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Fig. | Reinforcement limits for single openings 


with relation to the reinforcement of open- 
ings. Paragraph U-59!' states that there 
shall be a limited area in the longitudinal 
section of a vessel wall through the center 
of the opening, beyond which 0 metal 
may be considered as effective reintorce- 
ment, and leaves to the designer the actual 
distribution of the reinforcing material 

Near the inner edge iround an opening 
there is in addition to the nominal prin- 
cipal tensile stress some bending plus 
internal shear coincident with plastic 
vielding Around large openings poorly 
detailed reinforcement may concentrate 
tensile deformation so close to a pro 
jJecting edge that MUCTOSCOP shear 
failure will accentua the chance of tensile 
failure ac ross the edg This is one re ison 
for rounding off all projecting edges 

On these limitations, shown in Fig. 1 
it is recognized that for moderate sizes 
of openings, with finished opening diam- 
eter no greater than ibout one-third 
of the diameter of the cylindrical shell 
there is no great error imposed in following 
these rules, except when the added rein- 
forcement is entirely a nozzle neck pro 
jecting largely on the outer side of the 
vessel wall. Obviously, all computations 
for stress and sectional area are approxi- 
mations but have been proved safe within 
the above limits. It is only when larger 
diameter openings are encountered that 
there may be harmful changes of shape 

In following this rule, extra reinforces 
ment is provided around small openings 
which in most parts of vessels under pres 
sure results in undue stress concentration 
ut attachment welding. On large open 
ngs, it is generally recognized that under 
this rule much of the reinforcement may 
be too far from the edge of the opening 
and that the over-all shape should be 
streamlined 
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LARGE OPENINGS 


On some vessels openings of special 
shape may be required having critical 
diameters much in excess of one-third 
the vessel's diameter In such cases the 
design engineer has to use his own judg- 
ment in providing an adequate amour t and 
Although 
these variations are known to occur, they 


distribution of reinforcement 


ire not mentioned in the present pressure 
vessel code.’ As one result of actual 
experiences, a major Proposed Revision 
of the A.S.M.E. Code Section VIIT* will 
cover these conditions for design more 
wlequately, although not fully 


When openings are very large compared 


Assumed 
os 2 A 


to the diameter of the vessel, it is desirable 
that more thought be given to the shape 
of the added cross section. The location 
of reinforcement in the transverse section 
of the opening may become as important 
as that which is parallel to the longitudinal 
axis of the vessel. Paragraph UA-7, which 
Is added In an app ndix of the Proposed 
Revision of Section VIII 


on this design 


generalizes 
Besides ratio of 
finished opening diameter to vessel diam- 
eter, the ratio of thickness to vessel 
diameter is also important. This is the 
total thickness around the opening after 
the reinforcement is added, and in case of 
plate reinforcements will help to set the 
outer limits of metal that take up a 
material part of the loading 

Under some conditions, it is desirable 
to thicken both the vessel wall and the 
nozzle neck, when that simplifies the 
design and the vessel is required to be 
stress relieved in at event to avoid 
severe residual stresses. ‘In other cases, 
and usually because it is difficult to vent 
vapor from a ho essel past inward 
projecting reinforcement when the opera- 
tions require this, it is desirable to have 
plate reinforcements placed directly 
against the outside « t vessel wall, 
and to provide in the noz eck only a 
minor part of the total reinforcement area 
required 

On openings that are the same as the 
vessel diameter—or say more than 85% 
of the vessel diameter NeCeSSary 
to consider distortion across the trans- 
verse section oO he ranch or nozzle 
opening, which will impose severe bending 
stresses in the vessel wall if not provided 
for in the design Buckling may occur 
in the vessel wall opposite to the opening, 
unless it is reinforced, and simple cal- 


culations for axial forees due to internal 


Half Section 
(o) | 


= Planes of Maximum Force "F“ 


FePRr 
M:Fe 
stress 
at inner 
edge of 
opening 


Y% of oreo A 
computed on X-x 


e is the resuit— 
ant eccentricity 
shown 


Approx. max. 


Fig. 2 Large openings—distribution of reinforcement 
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Small openings—distribution of reinforcement 


Fig. 3 


or external pressure against the resisting 
Moment of the critical section are read- 
diy made. See Fig. 4. A 
fmount of data on large branch openings 
for piping, which is useful for design of 


considerable 


large nozzle openings not perpendicular 
to vessel wall, was published in 1946.'° 
DEGREE OF STRESS 
CONCENTRATION 
The following approximate method may 
he used to determine for comparisons of 
“shape the maximum tensile stress in the 


reinforcement. It is applicable to open- 
figs in pressure vessels that are larger 
than one-third of the 


diameter. This method is not intended 


about vessel's 
to be a substitute for test data or mathe- 
matical stress analysis. 

Figures 2 (a) and (b) show an outlet of 
the same diameter as the vessel. In a 
pipe tee it has proved safe to double the 
required design thickness of the wall all 
around. By the suggested criterion of the 
plane of maximum force, it can be shown 
in this example that although the resultant 


On S in Table U-2, 
computation for 
maximum stress 
longitudinally. 


1,= Moment of 
inertia of shell 
& reinforcement, 


disregarding the 


Max. tensile stress = P 


Mox.compr stress = 


Ss, not to exceed 


Fig. 4 


20V 


Large openings—effect of vessel's 


area in nozzle neck. 


2 
aie’ 


b 


and 


with 14,000 max, 


wall thickness on preferred distribution 


of reinforcement 
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eccentricity (e) between the plane of 
force and the centtr of gravity of the 
effective area (A) is less in type (6) than 
in type (a), the maximum stress on the 
inside edge of the opening is about 40% 
higher. The graphic method and for- 
mulas shown in this figure give the approxi- 
mate maximum tensile stress. 

In the case where two directly opposite 
large openings form a cross as shown in 
Fig. 2 (d), or where two openings are not 
directly opposite and one is smaller than 
the other but in which the reinforcement 
in part is common to both as shown in 
Fig. 2 (c), the planes of maximum force 
will weakest 
vessel wall centering at (0), and the most 
effective 
reinforcement should back up this area. 


enclose the part of the 


distribution of the common 

Relatively small openings are shown in 
Fig. 3. 
thick-walled miaty 
shown in (a) rather than a plate or flange 


In walls of moderate thickness, a 
nozzle be favored as 
against the shell as shown in (4). 

The approximate computation indicates 
a smaller eccentricity for the thick neck, 
and there a larger area enters into the 
section modulus. Therefore (a) may be 
preferred to (b). 
as shown, 


An alternative to (a), 
may still better 
distribution but if it is a pipe connection 
it may break off in service. 


have stress 


Sketch (¢) shows a proposed distribution 
under Par. UG-40(d) (2)° which is quite 
favorable, as compared to the extremely 
heavy welding at the boundary of rein- 
forcement on present limits 

In case of openings larger than one- 
third of the vessel diameter, under which 
consideration must be given to the applica- 
tion of Par. UA-7* in the Proposed Re- 
vision, Fig. 4 indicates that concentration 
of the reinforcement near the nozzle neck 
is desirable, but more so in the case of 
thin-walled The 
maximum S, formula 


vessels. criterion for 
(last under this 
figure) will seldom be needed; a large 
opening in the underside of a large horizon- 
tal vessel for low pressure, located near 
midway between supports, is one example. 

In all these examples, the pressure in 
the vessel constrains the direction of the 
forces to follow around the curvature of 
shell in the shortest path on the principle 
of least work. The tendency is to adhere 
to the line of the plane intersecting the 
assembly, as indicated, and reinforcement 
so shaped as not to have the center of 
gravity in any cross section close to this 
plane just introduces that much eecen- 
tricity producing some added secondary 
When the vessel wall becomes 


Stresses, 


thinner, there is more distortion around 
the opening because of such eccentricity 
to the shell diameter In 


thinner shells in relation to any diameter, 


with relation 
there being less restraint, the part of the 
shell section adjacent to the opening will 
carry less load beyond the borders of the 
attachment of the nozzle or opening re- 


inforceement, whether the latter is an 
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applied plate or an extra thick neck with- 
out a plate. 
Approximate stress figures for the 
maximum stress inside the edge of the 
opening can be based on the moment of 
inertia of the section that may partake 
in the stress distribution, and in that case, 
rather than 2.5 times the nozzle neck 
thickness, this effective length of nozzle 
may be taken as n = Cy/rt in which r = 
inner radius of neck, ¢ is the thickness 
alter deducting corrosion allowance, and 
the constant C = 0.6 or 0.8 depending on 
whether the nozzle neck or the assembly 
to which it is to be attached is the thicker 
In the case of heavv-walled vessels, this 


refinement may not be warranted 


LARGE OPENINGS UNDER 
EXTERNAL PRESSURE 


On extremely large openings for vessels 
designed to be subjected to external pres- 
sure, reinforcement distributed for in- 
ternal pressure only may not be of the 
best form for also resisting the external 
pressure. Except in the case of jacketed 
vessels, a perfect vacuum is the maximum 
possible external load and as the internal 
pressure in design usually provides for a 
minimum test pressure of 25 psi. and 
sometimes more, the effect of alternating 
pressure loading should be considered, 
especially the Bauschinger effect which is a 
greatly reduced yield strength under one 
stress (tension or compression) following 
the application of a stress beyond the 
vield point of opposite sign which will 
weaken the steel against further reversals 
of stress, and may lead to a form of fatigue 
Several applying 


failure methods of 


reinforcement for such conditions that 
have been successfully used are shown in 
Figs. 5 (a), (b) and (¢). They should be 
applied with judgment, depending upon 
each Gussets to 


conditions for case, 


brace such shapes are not preferred to 


other more uniform and symmetrical 
arrangements, because at the ends of such 
gussets the welds may be subjected to high 
stress concentrations, and _ particularly 


for continuously reversed loadings in 


operation are these objectionable. 


OPENINGS IN WALLS HAVING 
DOUBLE CURVATURE 


With respect to openings in heads 
exvept in spherical surfaces away from 
knuckles, the maximum forces occur 


In any place on a 
clear of the shell 
middle 


WI% of the area for a dished head, stresses 


acTOsS me ridian lines 
bemisphere, wholly 
gerth weld, and in at least the 
for a circular opening wholly within such 
areas are assumed to be symmetrical 
Vhere an opening passes through the 
of 
smaller radii of 


a dished head or within the 
an ellipsoidal head, the 
maximum computed stresses should in- 


clude bending stresses superimposed on 


the membrane stress, and the maximum 
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(a) 

Opening 

in Dome 
3p.s.i. to 

Vacuum 


| Opening in 
Cylinder 


Vacuum 


+ 
Sketches, as similar only 
Fig. 5 


total stress may not be across a meridian 
line. Unreinforced openings are, of 
course, not permitted in such locations 
See Fig. 6 

vessels 


with jacketed 


subjected to external pressure, these are 


In connection 


usually within shipping sizes and therefore 
are shop-made. A number of problems 
of different 


complex, arise in this field, See Figs 


kinds, and sometimes quite 


7 (a), (b) and (« Sometimes the main 
vessels have both an inside and outside 
pressurized jacket, depending upon the 
spread in extreme temperatures needed 
in the process operation, ind the higher 
rate of production cycles which can be 
accomplished by using this form of jacket- 
cooling 


ing. Occasionally «a heating or 


45 psi to 


12 Gussets 


(c) Opening in Cylinder 
45 psi to Vocuum 


Large openings in vessels subjected to external pressure 


medium is applied through a series of 
coils inside the vessel, in addition to having 
outside. A 


bottom outlet nozzle from the inner shell 


pressurized jacket on the 
may pass through a stuffing box in the 
outer shell, in which case the jacket pres- 
full aren 
heads In a 
outlet 


sure is assumed to act over the 


of inner and outer 


cause 


where such a bottom nozzle is 


rigidly connected to both the outer and 
inner shell at the center of the head, it is 
customary to assume that only two-thirds 
of the jacket pressure acts against both the 
outer shell and the inner shell, The con- 
necting opening Is designed lo 
port one-half of the pressure over the 
head, Both 


assumptions are on the safe side 


total projected area of the 
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() 
Fig. 7 


Of course, the pressure, if any within 
the inner shell, is discounted as the jacket 
may be under pressure while the vessel 
Is opened to atmospheric pressure. In 
case there is a possibility of vacuum in the 
inner vessel, this should be ineluded in 
calculating the effeet of the jacket pres- 
sure 

An example of a collapsing failure in a 
jacketed vessel under test came up within 
the last vear. The inner shell was bulged 
inward by the jacket pressure at one side 
of the bottom outlet which was built as 
a rigid connection, as shown in Fig. 7 
(b It is possible that the relative thick- 
nesses of the inner and outer shells per- 
deflection which 
tended to flatten the curvature of the inner 


mitted an unbalanced 


shell sufficiently to permit the collapse 


LARGE FIELD-ASSEMBLED 
VESSELS 
vessels 


large field-assembled 


intended for vapor or gas only will never 


Because 


have but «a small percentage of contents 
as a liquid, it is usually considered un- 
economical to design such vessels of suf- 
ficient strength, including supports and 
foundations, to permit a hydrostatic test 
Extreme cases are gas balloons, which may 
be 50 ft 
hundred feet long, and to a lesser degree 


or more in diameter and several 


wind tunnels for aeronautical tests 
There have been cases where the cost of 
such ay esse] could be more than doubled 
when the foundations and the vessel itself 
with its supports are designed for taking 
a hydrostatic test 

In the petroleum industry, it is custom- 
ary to design all vessels intended to con- 
tain flammable liquid-petroleum products 
for a water load, and these can be hydro- 


l4 


( Questionable Design ) 


Non- pressure 
Tank 


70" 


Design dota: 
50 ps.i Steam 
( 75 psi Test) 


Stainless Steel 
thick (welded 
$=15,000 y 
Eff<0.8 
On test 
‘over 7 tons 
$=11,000 unbolonced pull 
for moximum S vs t@R 


Sm* ( Dimpling) 


0.1875 24,400 
4x 35%1.65 


Openings through walls of jacketed vessels 


statically tested, except for retests after 
an insulating lining is placed. 

In the construction of special shapes, for 
vessels which are surfaces of revolution, and 
particularly in large field-assembled vessels, 
it is possible to use a shell having double 
curvature in which the principal stresses 
lie in the meridian and latitude directions, 
in accordance with a well-known formula: 


R, Por = R, 
where 


7, = meridian force, in lb. per inch of 
latitude are 


latitude force, in Ib. per inch of 
meridian arc 
= radius of curvature in the me- 
ridian plane, in 
» = length of the normal (cone radius; 
that is, shell to axis of revolu- 
tion), in. 
P internal pressure, psi 


This formula is assuredly safe in all cases 
for outward curvature only. It simply 


equilibium of inwardly 


expresses the 
acting 
meridian lines of the shell and perpen- 
dicular thereto along the normal, for any 
point in the wall with the corresponding 


forces, respectively along the 


radii of shell curvature, as opposed to the 
outward forces due to internal pressure. 
In a circular tank, and for any horizontal 
readily after 
from the equation of 


projection, 7» is derived 


is calculated 
equilibrium of vertical forces above (or 
below) the horizontal section that is, 
the level where 7 
For some reason, this formulasdoes not 


vessel codes, 


stresses are required 


appear in the pressure 
although it should be there 
This formula may be used for design 
of gas storage “‘balloons” 
of all types, of which many operate at a 


and spheroids 
pressure of over 15 psig. In some cases, 
extremely large diameter vessels of gener- 
ally spheroidal shape have been noded by 
internal structural framing to carry the 
reactions at the junctures of spheroidal 
segments. Any shell having double cur- 
vature will not always be in equilibrium, 
due to variable liquid bead and any other 
distribution; any 


changes in pressure 


compressive forces produced thereby 

should receive special consideration 
Because of the weight and pressure for 

the larger 


compared their 


structures of this kind, as 


diameter and plat 
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thickness, additional steel framing has 
been placed under and inside of the vessel 
wall, usually attached by welding. At 
present, the pressure vessel code does not 
fully cover such vessels, and because 
structural material is usually made to 
A.S.T.M. A 7 and partakes of the mem- 
brane stress, there is a question whether 
there should be a rule requiring the use 
of a carbon steel on which at least a carbon 
limit is reported, so as to assure its weld- 
ability 

Some of these large vessels are used in 
extremely low temperature areas, but 
fortunately when liquefied petroleum gases 
are stored, the vapor pressure is much 
lower under the low-temperature condi- 
tions than that for which the vessel is 
designed. This is covered by Par. 
U-142(a 2) in the Code,' and in the 
proposed revision it has been worded as 
follows ‘UG-66(d 2). No impact 
test is required when the operating cycle 
is such that the pressure at —20° F. is 
less than one-fifth of the maximum allow 
able working pressure at 100° F.”’ 

To properly support large vessels 
weighted with liquid contents is a real 
problem, when they are not permitted 
for any reason to rest directly on sand 
cushioned foundations 

Although the design of supports and 
likewise lugs and brackets for super- 
imposed loads is still left to the judgment 
of the designer in the major Proposed 
Revision of Section VIII, 1950 Edition, 
a pertinent general caution appears In a 
note which follows Par. UG-29(e), and 
in Appendix G: “Suggested Good Prac- 
tice Regarding Design of Supports.” 


BRACED COLUMN SUPPORTS 


Because of some failures at attach- 
ments of columns to shells of large vessels, 
that have occurred under tests or during 
examinations involving hydrostatic 
test, it is probably not necessary to show 
here details of the methods that have 
been used and are now used for the attach- 
ment of supporting columns to carry large 
vessels—-the nature of the details depend- 
ing entirely upon the size of the vessel, the 
thickness of the vessel wall and the weight 
of the material to go into the vessel under 
service requirements. A great deal of 
knowledge has been gained from experi- 
ence, and tubular columns are much used 

It is normally expected that the hydro- 
static test will impose stresses that are 
going to be at least 50% higher than those 
obtaining in service. If there is only 
internal pressure in service, the stress- 
strain curve never gets to the extremes 
of either the unloaded or the loaded condi- 
tion imposed by the test, unless there is a 
complication in the method of support 
which induces other types of distortion 
than those due to pressure and weight 
alone. For instance, in a group of columns 
supporting a large vessel, the attachment 
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Fig. 9 Toroidal segments in bottoms of elevated water tanks 


may be computed for the welding on an 
assumption of equal distribution, and on 
the assumption that a column will remain 
vertical 

On large, thin-walled vessels, there is 
bound to be a form of distortion which 
results in the horizontal section at the 
top of the supports no longer remaining 
truly circular, as designed, but possibly 
scalloped (bulged outward) between 
columns. In reverse, unless some metho« 
of support could be devised so that the 
columns would always be centrally loaded, 
there is the possibility that their tops will 
deflect inward, which accentuates the 
scalloped effect The design should be 


such as to prevent an excessive amount 
of such scalloping ard bending; lateral 
bracing and struts between columns are 
commonly used for this purpose 

In connection with large spherical 
vessels, L. P. Zick and ( Carlson* 
describe an investigation to determine 
the action of the column-to-shell con- 
nections of a new 48-ft. diameter sphere 
supported on 8 tubular columns. Electric 
strain gage measurements were made to 
determine the existing stresses induced by 
various Water and gas pressures 

It was found that the tops of the 
columns move in under full water load 


ind induce bending in the shell at the 
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Fig. 10 Toroidal pressure vessel—design for liquefied petroleum gas 
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connection. These stresses are not di- 
rectly additive to the gas-pressure stresses, 
and the gas-pressure load rounds up the 
shell and moves the tops of the columns 
back out. 

Although the thickness of the shell plate 
at the columns is found to be somewhat 
conservative, it is recommended that the 
present practice of making this plate 
thicker than the others be continued. 


LARGE VESSELS OF TOROIDAL 
SHAPE 


In closing this subject of pressure- 
vessel design, there is one type of shape 
for a pressure vessel to which special 
attention is called, because it has been 
used mostly in segmental form in the 
bottom of elevated water tanks and seldom 
elsewhere. A caution seems pertinent 
in connection with such use, because of 
incomplete treatment in textbooks. This 
shape is a torus shown by Fig. 8. Types 
of water tank bottoms are indicated in 
Fig. 9. Figure 10 shows a design which 
was intended to contain liquefied petro- 
leum gases under pressure. It was never 
built, as far as known, for economic 
It provides extra thickness on 
of the torus as shown, 


reasons. 
the inner side 
because of the compress’ ve 
It was proposed to support 


forces that 
exist there. 
this pressure tank on a bedded sand-fill 
to be carefully packed around the base of 
the tank, in preference te using columns 
if so permitted, 

For the theory, refer to Timoshenko's 
‘Theory of Elastic Stability,” page 216; 
“Strength of Materials, Part II,”’ 2nd ed., 
1941, page 218; and “Theory of Plates 
and Shells,” Ist ed., 1940, page 366. 
By Fig. 145, the diagram in the last- 
named book does not analyze the stress 
conditions on the inner element of the 
torus at all, and that is the one where 
caution in design should be exercised. 

In a complete shell of this shape there 
is no discontinuity, and a change of shape 
to accommodate unbalanced compressive 
stresses may occur naturally within per- 
However, at ex- 


missible tolerance 


tremely low atmospheric temperatures, 


or for low-temperature contents, materials 
suitable for such conditions should be 
used. The use of such a shape for the 
bottom of a water tank does not expose 
the metal in the bottom to a much lower 
temperature than the temperature main- 
tained for the water in the tank; when the 
tank is empty or nearly so, there is little 
or no load on the bottom. 

It is pointed out that on the inner half 
of the annular segment of the torus, the 
force acting along a meridian line of the 
bottom which is the component of the 
vertical load across any inch in the 
horizontal circumference is bound to be 
greater than the load imposed on this 
same section by the internal pressure 
alone. Regardless of whether this pres- 
sure at any considered be due 
to hydrostatic aug- 
mented by a vapor pressure above the 
liquid, the difference, as determined 
by the formula of double curvature given 
above, is that part of the pressure which 
should be carried in compression by the 
segment 


point 
loading alone or 


annular elements on the inside 
of the torus. See Fig. 8. Inside of the 
annular segment of the torus, there can be 
a spherically dished segment and both 
supported by a circular girdey, resting in 
turn on columns, or directly on some type 
of founcations if the tank be close to the 
ground.’ Any unbalanced force between 
the horizontal components of the load 
imposed by the spherical segment and that 
from the inner edge of the toroidal segment 
can be carried in tension or compression 
in this ring 

The outer half of the annular toroidal 
segment of such a tank may be continued 
into a vertical shell by means of curved 
plates merging smoothly with a liberal 
radius, in which case the problem of the 
becomes mainly one of 
decided 


tank's support 
structural framing. If it 
earry the load from the outer edge of this 
toroidal segment to a ring girder which in 
turn may be connected to a vertical shell 
ring, the problem becomes less simple. 
The examples of tank bottoms 
shown in Fig. 9 do not show this type of 


water 


connection except in the case of the small- 


est tank shown 


There is one concluding statement which 
is warranted in the final analysis of what is 
important in design and construction of 
tanks and pressure vessels, and that is 
that failures may occur, 
incorrect theories, but because not enough 
theory was applied to the design. 


not because of 


ACKNOW LEDGMENT 


The author acknowledges the helpful 
criticisms of H. C. Boardman and E. 
Korten in the review of the original draft 
for this paper. 


Bibliography 


1. Rules for C sogtrve tion of Unfired Pressure 
Vessels——Section VIII, A.S.M.E. Boiler Construc 
tion Code, 1946 Ex fition and Addenda thereto 

A.P.1.-A.8.M.E. Code, Unfired Pressure 
Vessels for Petroleum Liquids and Gases, 194% 
Edition. 

3. Unfired Pressure Vessel Code— Proposed 
Revision of Section VIII, A.S.M.E. Boiler Con 
struction Code. (Now off the press, and tenta 
tively known as 1950 Edition ) 

Gensamer, Maxwell, ‘Strength of Metals 
under Combined Stress A Series of Educational 
Lectures presented during the 22nd Nationa 
Metal Congress and Exposition, Cleveland, Ohio 
October 1940. Published by American Society 
for Metals, Cleveland, 1941 

5. Since 1947, a research project at Purdue 
University, Lafayette, Ind 
under the sponsorship of the Pressure Vessel Re 
search Committee of Welding Research Counci! 
Its purpose was to determine the magnitude of 
stress concentrations at a head-to-shell juncture 
on both 8-in. diameter models and 48-in. diameter 
shells. Although only 45° (90° included angle at 
the apex) conical heads with and without a 
knuckle radius were investigated, the theoretical 
analysis was thereby checked for most other types 
of head-to-shell junctures The 
taking measures to have the results published 

6. C. J., Seotchbrook, A. F., Stout 
R. D., and Johnston, B. G Effect of Plastic 
Strain and Heat Treatment Presented at a 
joint meeting of the Metals Engineering Division 
of the A.S.M.E. and the Pressure Vessel Researc} 
Committee of Welding Research ouncil, in 
November 1948, and published in Welding Re 
seare - Supplement, August 1949 

Se horer Herman, “Design of Large Pipe 


".E. Trans., 98 (1933) and disc. 91 


has been carried ou 


sponsors are 


Stress 
Analysis of a Hort« rhe Tue 
Journat, Research Suppl., XIV (5), 205-s to 214-s 


J. 8 Reinforcement of Branc! 
ing British), Sept. 6 
It. 8. Timoshenko 
MeGraw-Hill Book Co 
12 Wilson Wilbur 
Nathan M The Strength of Thin Cylindrica 
Shells as Columns Bull. 255, Univ. Ill..(Fet 
1933 


Discussion by H. C. Boardman 1. 
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‘This paper shows clearly that 


vessels are dynamic 


pace with new knowledge, new material, new services 
and new design and construction methods. 
Reference is given by the author to Herman Schorer’s 


treatise on 


saddle supports and ring girder supports 
best published references on saddle supports for pipe 
lines and horizontal evlindrical vessels are: 
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Chicago, I 
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Chicago Bridge and Iron Co., 
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Perhaps the 
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“The Strength and Stiffness of 
Saddle Supports,’ 
Thesis submitted to the University of Wisconsin 
2. “Tests of 
University of Illinois 


Thin Cvlindrical 
by Richard S. Hartenberg, 


Shells,” by Wilson and 
Bulletin No 33/7, dated 


Cylindrical 


Neither Hartenberg nor Wilson claimed to have solved 
analytically the problem of saddle-supporting systems. 
Hartenberg concludes his work with the frank admission 
“Tt is the author’s opinion that the evidence 
presented points to the conclusion that the problem of 


design stress in unstiffened thin circular shells on saddle 


Tanks and Pressure 


Vessels 


supports is not amenable to mathematical methods but 
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must be worked out in the laboratory by actual experi- 
ment.” 

In a parallel mood Wilson confesses that: ‘“Unfor- 
tunately, no analysis has been developed for determining 
the width of the portion of the shell that is effective in 
resisting the circumferential moment.” 

There are unpublished experimental and analytical 
‘smoked out,” 


‘ 


papers on this subject which should be 
among them one by L. P. Zick. 

The author correctly states that the hydrostatic 
test, supplemented by the hammer test, not only is a 
proof test of sorts but is also a means of stretching 
plastically regions of local stress concentrations, in- 
cluding both the girth and the longitudinal welds. At 
and near discontinuities deliberately designed and built 
into a vessel such, for example, as a direct cylinder to 
conical head connection, plastic reshaping under the 
hydrostatic test, followed by release of pressure and a 
few cycles of service loading and unloading, may reason- 
ably be expected to establish a residual stress system 
resulting in wholly elastic service behavior, provided 
the geometry will permit such a system. Nature does 
her best, in such cases, to save the vessel and the 
designer. 

The writer believes that much can be done to simplify 
and improve the reinforcement around shell openings. 
Perhaps bar rings around holes can be so shaped as to 
be free of bending moments. In a flat plate containing 
a uniform unidirectional stress field a double parabolic 
bar around a double parabolic opening, with a compres- 
sion member joining the intersecting branches, and with 
the axes parallel to the stresses, would be subject to 
direct stresses only. In a flat plate containing an 
equi-biaxial stress system, a circular bar around a 
circular hole would also be directly stressed. In 
a flat plate containing a biaxial stress field of twice 
the intensity in one direction as at right angles there- 
to, a 2:1 elliptical bar around an elliptical hole, with 
the major axis parallel to the larger stresses would be 
free of bending. These three cases are illustrated in 
Figs. 1, 2 and 3, respectively. 

It seems obvious that, except for the disturbing in- 
fluence of the nozzle neck and cover, the circular bar of 
Fig. 2 would function just as well in a sphere as in a 
flat plate. Would the elliptical bar of Fig. 3 function 
just as well in the cylindrical shell of a pressure vessel 
as in the flat plate of Fig. 3? This is an interesting 
question for if the answer is ves, then the simple 
elliptical bar type of reinforcement should suffice 
regardless of the size of the opening relative to the 
cylinder diameter. 

However, in designing nozzles and manhole connec- 
tions, there should be kept in mind the stress field 
induced in the shell by internal pressure, the stress 
field induced in the shell by the vessel loading and sup- 
porting system, and the service variations and combi- 
nations of these stress fields 

Mr. Samans comments on the fact that the soap bub- 
ble formula, 7; Ry + T2/ Re 


It is because the codes were written 


P does not appear in pres- 


sure vessel codes 
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for shop fabricated vessels in which the hoop stresses 
caused by liquid head are so small relative to those 
caused by the design pressure as to be practically 
negligible. On the other hand, in large field-erected 
vessels the stresses induced by liquid head may domi- 
nate those caused by the design pressure; to such vessels 
the soap bubble formula should be applied, taking 
account of the superimposed stresses caused by the 
vessel-supporting system, wind, snow and temperature 
Variations 

Mr. Samans has rendered a great service by impress- 
ing upon his readers the fact that the nominal stresses 
used in the simple design formulas of pressure-vessel 
codes bear only a caricature relationship to the actual 
working stresses in pressure vessels proportioned and 
built in accordance with the formulas. Incident to 
this revelation he has raised in his readers’ minds the 
question: If vessels are safe when operating under 
would they not 


generally low but locally high stresses 
be safer if streamlined so that they would operate under 


higher general stresses and lower local stresses? 
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Discussion by Cyril O. Rhys 


Regarding the structural engineer’s remark as to 
changes in the Boiler Code occurring more frequently 
than changes in Structural Codes, this may be partly 
because a well-designed structure is much more a 
pictorial representation of the forces keeping it in 
equilibrium than is such a thing as a pressure vessel. 
Probably the most perfect example is a roof or bridge 
truss, a skeleton drawing of which is also a drawing 
of the directions of the forces which its members must 
sustain. This would tend to make design coincide 
with known methods of stress analysis, and would be in 
accordance with the simple beauty of Greek architec- 
ture. The use of only one structural principle (post 
and lintel) in the Parthenon, for instance, is an example 
of what I mean. Calculation then becomes very simple. 
The other extreme would be such a thing as a temple 
roof supported by statues of elephants standing on 
spheres, as in Indian architecture, and I think a com- 
plex pressure vessel would ‘be nearer the latter than the 
former. Safety calculations would be neither simple 
for easy to infer from the drawing as in the case of a 
truss. Incidentally the mosque of Santa Sophia is ar 
architectural pressure vessel with its enormous and 
very thin dome. There is an article on this in the 
Encyclopedia Britannica, which might possibly be of 
interest. 

I notice that Mr. Samans refers to the desirability of 
Making design coincide with simple methods of stress 
éalculation (Need for More Research). It would cer- 
tainly seem that design should aim for shapes which 
will avoid complicated stress analysis. This is certainly 
done in machine design and tends to avoid complication 
in manufacture and computation. It is particularly 
true when temperature stresses occur in addition to the 
Other loads. 

The fact that triaxial stress in a plastic material with 
all stresses equal will produce no deformation is a 
point which I believe is often overlooked. It would 
account for a number of alloy-tube failures in which no 


Cyril O. Rhys, 160 Mountain Ave., Westfield, N. J. 


strain is observable. I have come in contact with 
this phenomenon a number of times in the past. The 
usual explanation has been that all the strain is in the 
substance binding the crystals together and not in the 
crystals themselves, so that there is a very great strain 
confined to a very small area—all the strain is in the 
mortar and none in the bricks, was one way of putting 
it—but the triaxial effect may very well have been the 
real explanation. The Santa Sophia dome shows an 
interesting parallel to this. 

Thickening the wall to take care of temperature 
stress is not only no remedy but makes the stress worse. 
This is for elastic material. In plastic material the 
temperature stresses often die out. R. W. Bailey 
discusses this at some length in his paper, ‘““The Utiliza- 
tion of Creep Stress Data in Engineering Design.”’ 
It appears that temperature stresses can be disregarded 
except for materials, such as glass and cast iron, where 
elasticity continues up to the breaking point. Experi- 
ence with furnace tubes seems to confirm this 

Opening Reinforcement. At the edge of a hole in a 
very thin plate the greatest tensile stress is three times 
what it would be for uncut metal. The derivation for 
this is given in Strength of Materials (Arthur Morley) 
in an appendix. I have checked this by pulling plates 
with drilled holes in a testing machine, and the cracking 
off of the scale shows strains in accordance with the 
theory. The larger openings, to which you refer, 
would be very much the case of a hole in an infinitely 
thin plate. Some data published by the Taylor Forge 
and Pipe Works are in good agreement with the 3:1 
ratio. 

Not Enough Theory Applied to Design. I have 
had experience of two bad failures due to this—one 
where a rigid knee brace inside a vessel produced high- 
bending moments at right angles, and another where the 
necessary flexibility to take up temperature distortion 
(in this case relatively enormous) could easily have been 
provided for in the design on the principle that a 
helical spring wound up out of thin tubing is about the 
most resilient shape in existence. Calculation (when 
it was too late to do anything!) readily showed what 
might have been done. 
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Welding Wigh-Nickel Alloys to Other Metals 


® Welding joints in dissimilar metals involving 
high-nickel alloys calls for an electrode matching 
the composition of the high-nickel alloy involved 


by G. R. Pease and H. B. Bott 


SUMMARY 


A group of metallic-are welded butt joints were pre- 
pared and examined for strength and ductility. The 
test joints numbered over seventy and included welds 
joining Monel, Inconel and commercial nickel to each 
other and to several other engineering alloys. This 
latter group included mild steel, 18-8 stainless steel 
in four composition ranges, 70-30 cupro-nickel, silicon 
bronze and Hastelloy “B.” 

The results indicated, in general, that the safest 
choice for welding joints of the type investigated is the 
electrode which matches the composition of the high- 
nickel alloy involved. Where two high-nickel alloys 
are involved, either matching electrode is satisfactory 


INTRODUCTION 


With increasing frequency metal structures are being 
designed and built in which it is required that two 
metals of dissimilar composition be securely joined 
together. Dissimilar metal joints may be necessary, 
for instance, between two metals in a still or fraction- 
ating column where the corrosive nature of the vapor 
phase differs appreciably from that of the liquid phase 
Dissimilar metal joints are also encountered in the 
construction ol jacketed processing vessels, in the 
installation of applied tank linings and in the welding 
of clad metal structures. A common joint is one that 
occurs when steel supporting members are welded to an 
alloy tank or processing unit. Overlay welding may 
also be considered, in a sense, as a type of dissimilar 
metals welding 

There are several methods available to fabricators lor 
obtaining joints between unlike metals. <A_ partial 
tabulation would include at least the following: copper 
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brazing, silver brazing, soft soldering, gas welding, sev- 
eral variations of fusion welding by electric are and even 
mechanical joining. Each method has its own merits 
but metallic-are welding with a consumable electrode 
offers advantages in utility and flexibility of operation 
that often dictate its preferred use. Unfortunately, 
however, there is a searcity of useful data concerning 
the proper choice of electrode and properties to be 
expected of metallic-are welded dissimilar metal joints 
This applies to the high-nickel alloys as particularly as 
it does to any other similar family of metals 


SCOPE 


The present data are limited to observations made in 
connection with the preparation and physical testing 
of fusion-welded joints made with commercially avail- 
able are-welding electrodes and regular grades of plate 
material. It is beyond the scope of this paper to 
elaborate upon the several available fabrication methods 
or to define their relative merits Lt is also not intended 
to discuss the corrosion aspects ol welded dissimilar 
metal joints 

The test joints fall into three general categories: 
(1) those in which commercial wrought nickel is one 
member, (2) those in which the 70-30 nickel-copper al- 
loy known as Monel is one member and (3) those i 


which the 77-15-7 nickel-chromium-iron alloy known 
as Inconel is one member Each of the three high- 
nickel alloy s referred to above was joined to each of the 
other two and to each of the following metals: mild 
steel, 18-8 stainless steel (in four composition ranges), 
70-30 cupro-nickel, silicon bronze and the wrought 
nickel-molybdenum alloy known commercially as 
Hastelloy “B.” 

Electrodes used in preparing the various joints 
included several high nickel alloy welding rods, three 
austenitic rods of the 18-8 general classification and a 
cupro-nickel rod With the exception of the nickel- 
molybdenum type, all of the high-nickel alloy eleetrodes 
were those of one manufacturer The austenitic elec- 
trodes were likewise from a single, but different source. 
It is recognized that there are several sources of elec- 
trode of either type, each with its own characteristics, 
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but the sheer bulk of the work involved precluded an 
evaluation of the properties and welding response to 
be expected of electrodes from additional sources. 
The austenitic rods were dip-coated; the others were 
all of the pressure-extruded type. 

Of the high nickel alloy rods used, one was a rod 
commonly used for the welding of commercial grades 
of pure nickel, known to the industry as No. 131 and 
capable of depositing nickel modified only with sufficient 
alloying elements to insure adequate ductility and 
soundness. A second electrode, known to the industry 
as No. 132, deposits metal of the 77 nickel-15 chro- 
mium-7 iron or Inconel type and a third, known as No. 
133, deposits metal of the 80 nickel-20 chromium type. 
This electrode and the Inconel electrode were subjected 
to a 500° F. baking treatment, superimposed on the as- 
dried rod, as a precautionary measure to insure com- 
plete weld soundness. In addition to the three already 
mentioned, there were two electrodes used which 
deposit metal of the 70 nickel-30 copper or Monel type 
One of these, the No. 130-X electrode has been available 
for a number of years and can be recognized by its 
black, carbon-bearing coating. The other, the No. 
140 electrode, was more recently introduced and can 
best be described as a low-carbon titania-type elec- 
trode. Both are in commercial use and each has its 
advantages over the other for specific applications. 

The stainless electrodes included a straight 18-8 
composition, a columbium-stabilized 19-9 composition 
and « molybdenum-modified 18-12 composition. 

Although none of the test joints was prepared with 
any specific application in mind, many of them will be 
recognized as typical of joints encountered in present- 
day fabrication. With others, the Inconel-cupro nickel 
joint for instance, no practical application is imme- 
diately apparent but the knowledge that such joints 
are not impractical may eventually lead to some unique 
but useful combinations of materials. 


TEST METHODS 


The test weldment consisted of two pieces of plate, 
5 in. wide by 10 in. long by *, in. thick, joined along the 
10-in. edges. The joint was completed in five passes 
with °/s-in. diameter electrode. The bead sequence 
and other details are sketched in Fig. 1 and a typical 
weld cross section is shown in Fig. 2. 

Weld quality was established on the basis of ductility 
und tensile strength measurements, with the conven- 
tional A.S.M.E. short-gage specimen being used for the 
tensile tests. In determining ductility, however, the 
transverse bend specimen could not be depended upon 
to provide a satisfactory measure of weld ductility. 
In most cases, a considerable hardness differential 
Also, the 


weld hardness was frequently higher than that of one or 


existed between the two plate materials 
the other, or both, of the plate materials. Under these 
conditions and using the transverse bend specimen, a 
highly disproportionate amount of deformation would 
occur in the softer of the two plates near the weld or at 


20 Pease, Bott—Nickel Alloys 


LONGITUDINAL BEND 


/ 


VLLLLLLLAY 


‘ 
N 


LLL LLL 


orscano 


2 3 4 


Fig. 1 Test weldment 


the weld-plate interface. This resulted in premature 
failure in the plate material, ductile though it was, 
before the weld was distended to its limit. Thus, al- 
though the weld metal may have been capable of with- 
standing 30°; or more of elongation it could not be so 
demonstrated and values of the order of 20°) were 
obtained only with a great deal of manipulative diffi- 
culty. To circumvent this trouble the transverse test 
was abandoned soon after the test program was begun 
and a longitutlinal bend-test specimen was substituted 
in its place. The results of transverse tests have been 
recorded, where obtained, but for the most part they 
do not represent the true ductility of the particular 
joints involved. It is probably safe to assume, how- 
ever, that where no brittleness was detected up to 20 
elongation in the transverse test, the joint was ade- 
quately ductile for most engineering applications. 
Figure 1 shows the method of sectioning the 10- x 
10-in. weldment to obtain the longitudinal specimen 
In test- 
ing the longitudinal specimen, bending was accom- 


and also the two transverse tensile specimens. 


plished in two stages; first in a guided-bend jig around a 


*,in. radius mandrel and then further, if there was 
no failure at this point, under a compression head until 
flat or until failure. An arbitrary 1-in. gage length was 
used and failure was defined, as in the A.S.M.E. free- 
bend test, as the appearance during bending of any 


Fig. 2) Test-weld cross section 
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Fig. 3 Longitudinal bend specimen 


defect greater than ' «in. Figure 3 shows a longitu- 
dinal specimen bent to failure at about 45°; elongation 
over the 1l-in. gage length. This corresponds to about 


55°, elongation over a 


' »in. gage length. Figure 4 
shows a transverse bend specimen which failed in the 
ductile plate material before the weld had elongated 
more than about 15°, 

It is noteworthy at this point that a longitudinal-type 
bend test was considered and then adopted, apparently 


Fig. 4 Transverse bend 
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for the reasons described above, as a means of evaluating 
weld ductility in two recent interpretations of the 
A.S.M.E. Boiler Code under Cases No. 896 and No. 
1078.1. These involved the welding of clad steels and 
of applied linings, respectively, where, in both cases, 
the weld metal is likely to be harder than the alloy 
cladding or lining material 

The usual precautions were taken with respect to 
cleanliness in the preparation of joint edges, with all 
traces of oil, dirt or crayon being removed with chlo- 
rinated solvent. There was no preheating or postheat- 
ing, nor were any of the joints peened to provide relief 
from possible cracking tendencies There was sufficient 
restraint upon the test plates during welding to prevent 
excessive warpage but the stress levels encountered in 
the welds were probably something less than those 
experienced in heavy construction. Are blow was 
encountered in several instances, particularly where a 
considerable difference existed in the magnetic proper- 
ties of the two dissimilar metals. This, of course, 
interfered with control of metal transfer and made it 
difficult to obtain as good bead contour as would other- 
wise be possible. Some relief from are wildness was 
obtained by inclining the electrode so that it pointed 
slightly toward the least magnetic material and away 


from the direction of blow. 


JOINTS WITH MONEL AS ONE MEMBER 


In Table 1 are listed the properties of joints in which 
Monel plate is one member. Probably the most fre- 
quently encountered of the several types of joint com- 
position is the one in which Monel is joined to mild 
steel. Flocke and Schoener? show the results of tests 
on arc-welded butt joints between these two metals, in 
which elongation values in excess of 28°, were ob- 
tained along with 100% joint efficiency. The 130-X 
type of electrode was used to prepare these joints and 
still is being used in selected applications with practical 
results as satisfactory as these test results would indi- 
cate. However, experience has shown that when weld 
dilution by plate reaches some of the higher levels 
experienced from time to time in production welding, 
the resultant weld composition is prone to hot crack. 

The mechanism by which cracking occurs has, in 
some quarters, been associated with the limited mutual 
solid solubility of copper and iron. However, more 
recently it has come to be appreciated that, whatever 
the reason for hot cracking, it can be eliminated over a 
much wider range ol iron-nickel-coppet Composit lons 


if the carbon is sufficiently low, than it can if the carbon 


is high. By high-carbon levels is meant something of 
the order of 0.25-0.35°7 and by low is meant anything 
up to about 0.10% Having recognized the carbon 


effect, it was necessary only to provide an electrode 
which would deposit metal adequate lv low in carbon. 
Such electrodes are now commercially available and one 
of them, the No. 140 electrode, was used to prepare a 
Monel-mild steel test joint (Table 1 No great ad- 
vantage for the low-carbon type ol electrode 1s ap- 
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Table 1—Physical Properties of Dissimilar Metals Joints Involving Monel 


Joint composition Electrode 
Monel to: 
Mild Steel 130-X Monel 

140 Monel 
131 Nickel 
130-X Monel 
140 Monel 
131 Nickel 
18-8 Stainless 
130-X Monel 
140 Monel 
131 Nickel 
19-9 Cb Stainless 
130-X Monel 
140 Monel 
130-X Monel 
140 Monel 
130-X Monel 
131 Nickel 
132 Inconel 
Nickel 130-X Monel 
131 Nickel 
130-X Monel 
130-X Monel 
Hastelloy “B” 
131 Nickel 
130-X Monel 


Type 304 Stainless 


Type 321 Stainless 


Type 316 Stainless 
Type 347 Stainless 


Inconel 


70-30 Cupro-Nickel 
Hastelloy “B" 


Silicon Bronze 


Tensile Joint 
strength, efficiency, 
pst. 


—Bend test elongation, ©; 
Longitudinal Transverse 


66,000 
70,000 
65,000 
85,000 
83,000 
84,000 100 
Weld cracked entire length 
100 


66,000 
66,000 
59,000 
83,000 
72,000 
34,000 
27,000 


* No failure at indicated elongation. 
t Failed in hot erack at weld-Si bronze interface 


parent from the results of these particular tests but, as 
mentioned before, weld dilution by iron is compara- 
tively low in a simple butt joint. The effect of high- 
carbon levels in promoting weld hot cracking is more 
pronounced and more easily demonstrated when iron 
contents reach 30°) or more as for instance, in overlay 
welding. ‘Thus, while crack-free deposits are possible 
with the high-carbon type of electrode in the absence 
of more than a few per cent of iron, the low-carbon 
type is the preferred choice wherever the amount of 
dilution by iron is unknown or where it is likely to be 
high. Advantages with respect to operability in the 
vertical and overhead positions may dictate the use of 
the high-carbon type of electrode where iron base alloys 
are not involved. 

In the welding of Monel to stainless steel with the 
austenitic stainless steel type of electrode, severe hot 
cracking was experienced which resulted, in one case, 
in a completely cracked weld and in another case in a 
weld which was low in ductility and joint efficiency 
The difficulty probably stems from the fact that cop- 
per, picked up from the Monel, is tolerable up to only 


about 3°, in stainless steels.? Thus, with only 10% 
of Monel in the weld the threshold level of 3°; is 
reached and with 20°; dilution the tolerable limit is ex- 


ceeded by a considerable margin. 

The Monel type of electrode is by far the bettér 
choice for this type of joint with the low-carbon modi- 
fication again preferred to the high-carbon type be- 
cause of iron dilution effects. Under most conditions 
the amount of chromium which might be picked up in a 
Monel weld will be within the tolerable limits. Dilu- 
tion by small amounts of nickel from the 18-8 plate is, 
of course, no problem. The important point is that 
the tolerance for chromium in a Monel composition is 
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appreciably more than the tolerance for copper in a 
stainless steel composition. Even in the Monel weld, 
however, chromium can be troublesome if allowed to 
run too high. <A safe limit would be something of the 
order of 6-8°%. 

The Monel to stainless type of joint was also sue- 
cessfully completed with nickel electrodes, which can 
be considered an alternate choice for this type of joint 

Strong ductile joints were prepared between Monel 
and nickel and between Monel and Inconel, in both 
Monel to 


cupro-nickel joint, prepared with the Monel electrode, 


cases, with either matching electrode 


likewise exhibited good properties 

A Monel to Hastelloy “B” joint made with the 130-X 
Monel electrode had good properties but the same 
joint made with a Hastelloy “B”’ electrode was brittle 
in the bend test and broke under tensile load at 87°, 
of the theoretically possible joint strength 

No successful joints were completed between Mone! 
and silicon bronze. There was a strong hot cracking 
tendency at the weld-bronze interface which it was not 
Methods of 
welding other than metallic are welding would perhaps 


possible to overcome in these tests 


be more successful. 


JOINTS WITH NICKEL AS ONE MEMBER 


The properties of joints with commercial wrought 
nickel as one member are shown in Table 2. The most 
frequently encountered of these, as in the case of the 
Monel, is probably the joint with mild steel 
and Rosenthal,‘ in a review of dissimilar metals weld- 
ing, refer briefly to the welding of nickel to mild steel 
with a Monel electrode but this procedure is believed to 


Spraragen 


have been practiced only infrequently if at all in recent 
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38 
37° 
45 
25° 
16* 
78,000 100 48 
79,000 100 10.5* 
re 63,000 80 15.5 
83,000 100 34° 
88,000 100 4 
83,000 100 16 
82,000 100 18 
82,000 100 16* 
yy 82,000 100 31 
= 82,000 100 41 
100 50* 
100 16* / 
100 
100 12 
87 7 
57 Nilt 
& 45 Nilt 
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Table 2—Physical Properties of Dissimilar Metal 


Joint composition Electrode 
Nickel to: 
Mild Steel 10 Monel 
31 Nickel 
32 Inconel 
Cb Stainless 
31 Nickel 
$2 Inconel 
33 80-20 
9 Cb Stainless 
131 Nickel 
132 Ine ronel 
133 80-20 
19-9 Cb Stainless 
$1 Nickel 
2 Inconel 
80-20 


1¢ 
Type 304 Stainless li 
if 


‘ 
Type 321 Stainless 


Ty pe 316 Stainless 


Nickel 
$2 Inconel 
80- 20 


Type 347 Stainless 


1 Nicke 1 
$1 Inconel 
33 80-20 


70-30 ‘upro-Nickel 0-X Monel 


ws 


13 
If 
Inconel 13 
I: 
Hastelloy B 13 
132 
Hastelloy “B” 
131 Nickel 


Silicon Bronze 


8-12 Mo Stainless 


ts eo Nickel 
Toint 


Sfictenc Ys 


Tensile 
stre ngth, 


Bend test elongation, ‘ 


pst. Longitudinal Transverse 

64,000 100 19 

65,000 100 20 
64,000 100 43 

63,000 100 34° 

65,000 100 30 

66,000 100 257 
66,000 100 437 

65,000 100 ist 

65,000 100 38 

66,000 100 43 

65,000 100 45 

65,000 100 

66,000 100 22 

65,000 100 

65,000 100 427 

65,000 100 is 

65,000 100 33 

65,000 100 16) 

66,000 100 17 

66,000 100 i7t 

66,000 100 27 

66,000 100 

65,000 100 45+ 

60,000 100 47t 

53,000 100 i7t 

65,000 100 35 

65,000 100 157 

66,000 100 22 

20, 000 50 Nilf 


* Many fine cracks in weld 
+ No failure at indicated elongation 
t Failed in hot-crack at weld-Si bronze interfac 


years. The nickel electrode has been used for this type 
however, and in this series of tests shows ade- 
with 20° 


Somewhat better ductility values and equally 


of joint, 


quate strength, elongation in transverse 
bend 
good strengths are shown by nickel to mild steel joints 
Monel elec- 


On the basis of duc- 


welded with either the new, low-carbon 
trode or the Inconel electrode. 
tility alone either of these latter two electrodes would 
but at 20% 

elongation and with no hot cracking tendencies there is 


be a better choice than the nickel electrode, 


probably sufficient margin of safety with the nickel 
electrode to justify 

The data for the nickel to mild steel joint welded 
with a columbium-stabilized 19-9 electrode show 100° 
and 34°), elongation. 
cracks, 
laver bead next to the nickel plate 
1 


its use for most applications 


joint efficiency However, the 


weld contained hot particularly in the top- 
These cracks were 
and failed to 


propagate further in the bend test until the indicated 


very small, perhaps '/32 in. long or less, 


elongation was reached. These same cracks also 


opened up in the tensile specimens but their presence 
was not reflected in low physical properties, apparently 
high strength of the weld 
How 
important this slight hot cracking tendency might be 


»vecause of the inherently 
metal compared to the strength of the nickel. 


from the practical standpoint is not certain but it is 
entirely possible that cracks such as these could lead to 
early failures with repeated applications of stress. 
The reason for this hot cracking tendency is not 
wholly apparent but a plausible explanation can be 
derived if an entirely reasonable 20° dilution of the 
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19-9 composition by nickel is assumed. Such a dilu- 
result in a weld composition 
nickel and 15%, 
This composition can be recognized as approaching that 
15 alloy 


tion would containing 


approximately about chromium, 
which is 


cracks.° 


adequate 


of the commercial 35 
difficult 
It is entirely possible that the 19-9 electrode, 


composition 
notoriously to deposit free of hot 
though it may be for welding plate of the same com- 
position, is not properly controlled with respect to the 
phosphorus, etc., to resist 


amounts of silicon, carbon, 


the hot cracking tendencies of the 35-15 composition. 

Good properties were obtained on test joints between 
nickel and the several types of stainless steel welded 
with any of the following electrodes: nickel, Inconel 
80-20 nickel-chromium and stainless steel. The 


carbe m Monel elect re nde 


low- 
was not includea in this series 
of tests but could be expected to perform almost as 
well in this type of a joint as it did in the mild steel to 
nickel joint 
better 


The stainless type of electrode performed 
in welding stainless to nickel than it did in 
welding mild steel to nickel although the composition 
of the top layer bead next to the nickel should be ap- 
proximately the same in one as in the other. It may 


be only a matter of variation in penetration, unwit- 


tingly made, but with sufficient effect on weld composi- 
tion to account for the different results. In any event, 
avoidance of the sensitive 35-15 composition is per- 
haps best assured by using one of the high-nickel 
electrodes. 


The Inconel electrode and the 80-20 nickel-chroinium 
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Table 3—Physical Properties of Dissimilar Metal Joints Involving Inconel 


Joint composition Electrode 


Inconel to: 
Mild Steel 132 Inconel 

133 80-20 

19-9 Cb Stainless 

132 Inconel 

133 80-20 

19-9 Cb Stainless 

132 Inconel 

133 80-20 

19-9 Ch Stainless 

132 Inconel 

133 80-20 

18-12 Mo Stainless 

132 Inconel 

133 80-20 

19-9 Cb Stainless 

131 Nickel 

132 Inconel 

132 Inconel 

Hastelloy 


Type 304 Stainless 


Type 321 Stainless 


Type 316 Stainless 


Type 347 Stainless 


70-30 Cupro-nickel 
Hastelloy “B” 


Tensile Joint 
strength, efficiency, 
pst. % Longitudinal 


€ 


—Bend test elongation, 
Transverse 


68,000 24° 
68,000 26* 
64,000 

94,00Q) 

95,000 

86,000 92 

94,000 Nearly 100 

94,000 Nearly 100 

87,000 About 90 

92,000 100 

91,000 

81,000 

92,000 

93,000 

84,000 

59,000 

58,000 

99,000 

99,000 


* No failure at indicated elongation. 
+ Many fine cracks in weld. 


electrode appeared to be the best choices for joining 
Inconel to nickel, with the nickel electrode an alternate 
choice but showing somewhat less room temperature 
ductility than the other two. Good joints were pre- 
pared between nickel and cupro-nickel with both the 
130-X. Monel electrode and the cupro-nickel electrode. 

Good nickel to Hastelloy “B” joints were completed 
with both the nickel and the Inconel electrodes. The 
sume joint made with Hastelloy “B” electrodes showed 
somewhat less ductility than the others, although at 
22°, elongation there was probably adequate ductility 
with this electrode for most applications. The nickel 
to silicon bronze joint, like the Monel to silicon bronze 
joint, failed by severe hot cracking at the junction line 
between the weld and the silicon bronze. 


JOINTS WITH INCONEL AS ONE MEMBER 


The properties of joints made between Inconel and 
other metals are shown in Table 3. In making the 
Inconel to mild steel joint with stainless electrodes the 
same mild hot cracking tendencies were noted that 
were noted in making the nickel to mild steel joint with 
the stainless electrodes. The explanation which was 
offered in the case of the nickel to mild steel joint would 
apply equally well in this case, since a weld composi- 
tion approaching that of the sensitive 35-15 composition 
would result whether the 19-9 composition were 
diluted with nickel or Inconel. The Inconel and 
80-20 nickel-chromium electrodes showed no such hot 
cracking tendencies and the physical properties were 
more than adequate 

Good properties were obtained in the Inconel to 
stainless series of joints with either the Inconel or the 
80-20 nickel-chromium type of electrode. The same 
joints welded with the stainless type of electrode showed 


adequate ductility values, but joint efficiencies fell off, 
somewhat, to about 90°), and slight hot cracking 
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tendencies were again evident. As before, the sig- 
nificance or seriousness of these hot cracking tendencies 
with a nickel-diluted 19-9 weld composition cannot be 
fully assessed but a potential hazard must be recognized. 

Good test joints between Inconel and 70-30 cupro- 
nickel were obtained with either Inconel or nickel elec- 
trodes and between Inconel and Hastelloy “‘B’’ with 
either Inconel or Hastelloy “B” electrodes. 


DISCUSSION 

In interpreting the data of Tables 1, 2 and 3 it must 
be remembered that the properties shown are those of 
joints made under only one set of conditions—a down- 
hand butt weld in 4/s-in. thick plate with dilution by 
plate kept to a near minimum. While it is good prac- 
tice, and one that should be strongly recommended in 
dissimilar metals welding, to keep dilution by plate at 
a minimum, it is inevitably true that other joint de- 
signs or other plate thickness, even under otherwise 
similar welding conditions, would have resulted in dif- 
ferent amounts of dilution and consequently in dif- 
ferent weld metal compositions. At least some of these 
would be expected to exhibit different physical proper- 
ties. 

Even with the simple butt weld in * ,-in. thick plate 
it is apparent that the two top beads cannot be alike in 
composition (Fig. 2). It is conceivable, even, that 
each of the other three beads contain greater or smaller 
amounts of remelted plate material than the others 
To this extent each joint represents a range of composi- 
tions, but the dilution effects experienced in day to day 
fabrication welding can be expected to result in much 
wider composition ranges. Thus, the choice of elec- 
trode for completing a dissimilar metals joint seems to 
boil down to the seleetion of an electrode composition 
which, in spite of varying amounts of dilution, remains 
capable of meeting a required performance standard. 
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Performance Ratings for Dissimilar Metals Welding 


Apel Manel Wilcke: 
Joint t3i 
to: 
Mild St« 
Stainle 
Ineone 
Nickel 
Cupro- "hel 
Hastelloy B 
Si Bronze 
Nickel to: 
Mild Steel 
Stainless 
Inconel 
Monel 
Cupro-Nickel 
Hastelloy “B 
Si Bronze 
Inconel to: 
Mild Steel 
Stainless 
Monel 
Nickel 
Cupro-nickel 
Hastelloy “B” 


Electrode 


( u pro- 


Inconel 80 Ni-20€% Nickel Hastelloy 


132 133 13? Stainl "erritic B 


G 


* = Variable, GG = Good, F = Fair, P Poor 


would apply 


The test results referred to above serve to pomt out 
some of the obviously poor electrode choices and, at 
the same time, where the properties are more than 
ample, some of the choices which might be expected to 
perform well under a variety of welding conditions. In 
some cases, additional information has been gained from 
field experiences, by which it is possible to predict the 
probable effects of greater or smaller amounts of dilu- 
tion. Where this was available it was discussed earlier 
in the text along with the presentation of the test 
results. Other combinations may require further test 
work to determine the effects of variable amounts of 
dilution 

The mass of information obtained is too complex to 
make possible many generalizations but the test re- 
sults do seem to indicate, in general, that when a high- 
nickel alloy is metallic are welded to another dissimilar 
metal, a good choice of electrode is the one which 
matches the composition of the high-nickel alloy in- 
volved. This trend probably refleets a singular prop- 
erty of the element nickel—its mutual solubility with 
a wide variety of other metals. Thus, if an elec- 
trode composition is selected which is initially high in 
nickel there is a greater probability of obtaining a 
single-phase plate-diluted composition than there is if 
the starting point is some other metal which dissolves 
dissimilar metals less readily. With a_ high-nickel 
base there is also no likelihood of a composition which 
undergoes a phase transformation on cooling 

In Table 4 are shown, in summary form, quality 


ratings for a large number of electrode and plate com- 


positions These ratings are based largely upon the 


results of the physical test data, but they also reflect 
some interpolated results and various experiences 
gained over a period of time, in the welding of high- 
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rating assigned because of high weld hardness and somewhat lowered room temperature ductility, other ‘ating 


nickel alloys. Ferritic electrodes, for instance, al- 
though not included in the test program, are known to 
be generally unsatisfactory where a high-nickel alloy is 
involved. By picking up as little as a few per cent of 
nickel with a ferritic electrode, a hardenable weld 
composition results which is almost certain to crack 


CONCLUSIONS 


1. Physical properties have been determined for a 
group of some 70 or more dissimilar metal test joints, 
all containing a wrought high-nickel alloy as one 
member. With a few exceptions, the various plate- 
electrode combinations vielded joints having adequate 
strength and ductility under the test conditions 
employed 

2 Since conditions encountered in fabrication 
welding may vary considerably with respect to stress, 
joint design and plate dilution, each application should 
be examined carefully with these variables in mind 

3. Certain weld compositions should be avoided 


These include the following: 


(a) A ferritie weld deposit if dilution by nickel, 
chromium or copper 1s to be encountered 
(b) The 18-8 type of weld deposit if dilution by 
more than 3° of copper is to be encountered 
\ high-carbon Monel deposit if dilution by iron 
is to be encountered 
d) Any Monel deposit if dilution by more than 
6-8°% of chromium is anticipated 
The 18-8 type of deposit if dilution by nickel 
and chromium is sufficient to result in the 
crack-sensitive 35 Ni-15 Cr weld composition. 
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4. A guide to the selection of electrodes least sensi- 
tive to plate dilution problems is given in Table 4 
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Discussion by Hallock C. Campbell 


This is a helpful paper in a field which until now has 
had few signposts. Particularly instructive is the 
authors’ clear statement of the effect of carbon in 
Monel welds. When the first low-carbon Monel elec- 
trode was introduced in November 1945, the advan- 
tages of the low carbon content were occasionally 
obscured by the occurrence of porosity. With the 
elimination of this defect in the latter part of 1948, the 
advantages of a low carbon formulation became fully 
evident. Pease and Bott, through their work in 
developing a similar electrode and in surveying the 
field of dissimilar metal welding, have been able to 
recognize the physical and chemical principles govern- 
ing this new eleetrode type. 

I would like to add briefly to the comments made by 
Mr. Jessen. At first glance the authors appear to be 
unjust in reporting the performance of stainless steel 
electrodes in Table 4 as “variable.” In Table 2, weld- 
ing nickel to stainless steels, for example, all four tests 
with stainless electrodes showed better elongation than 
any of the other 12 tests made on nickel-to-stainless 
joints. IL have since recognized, however, that the 
authors’ arguments are based not only on the four tests 
reported but also on field experiences with dissimilar 
metal welds. Their surmise that joint compositions in 
the 15 Cr-35 Ni range may be subject to cracking in the 
absence of careful silicon, carbon, and phosphorus 
control seems to me very reasonable. 

This does not necessarily mean that all stainless elec- 
trodes are to be avoided in making dissimilar metal 
I agree with Mr. 
question whether the proper choice of stainless steel 


joints. Jessen that there is some 
electrode was made for these dissimilar metal welds. 
It is a generally accepted principle in welding stainless 
steels that the electrode should be chosen to match 
the plate composition. The use of stabilized electrodes 
to weld 304 material is definitely to be discouraged. 
In the case of dissimilar welds, the choice of electrode 
should also be made with the subject of weld dilution 
in mind. Type 347 weld metal, when diluted with 
nickel from the high-nickel alloys tested in this series, 
will be fully austenitic; this composition is generally 
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considered more crack-sensitive than the straight 18-8 
type. In my opinion a straight 18-8 electrode should 
have been chosen for the tests in 304 plate, and I think 
the same 18-8 electrode would have been more promis- 
ing for the tests in types 321 and 347. Mr. Jessen’s 
suggestion of a 25-20 electrode is also worth consider- 
ing, but dilution with high-nickel plate material will 
more quickly raise this composition to the 15-35 range; 
a high-carbon low-silicon 25-20 electrode such as Mr. 
Jessen used would be desirable. A type 29-9 electrode 
would appear to be a good choice, since the high ferrite 
content of this grade will withstand greater dilution 
before becoming fully austenitic, and since these elec- 
trodes rormally are higher in carbon than the 18-8 
grades. 

The authors’ tests of welds involving silicon-bronze 
are helpful as a warning of what electrode not to use, 
but their speculations regarding ‘“‘methods of welding 
other than metallic are welding’ seem out of order, 
since no tests with silicon-bronze electrodes were at- 
tempted. I have not made such a test myself, but I 
see no reason to expect a silicon-bronze electrode to 
exhibit any such hot cracking as the authors observed 
using Monel and nickel electrodes. 

Turning to another aspect of the work, I would like 
to ask the authors for information on the subject of 
weld soundness. I believe the authors’ survey may 
have given them an unequalled opportunity to observe 
phenomena which the rest of us see only at intervals. 
Obviously they experienced no difficulty with general or 
but I wonder if there were any 
This might 


gross weld porosity; 
indications of tendencies toward porosity? 
have been evidenced by occasional start porosity which 
was chipped out and rewelded, or by root bead porosity 
which was perhaps not unexpected and therefore ig- 
nored. Perhaps the welder observed that certain 
plate-and-weld combinations required more care or 
manipulation than others. Porosity periodically rears 
its ugly head 
foolproof the manufacturer thinks he has made the 
electrode. Is this not more likely to occur with high- 
nickel electrodes than with stainless electrodes, and 
thus on some dissimilar metal combinations make the 
I believe the authors should be in 


production welding, no matter how 


stainless preferred? 
a position to make a significant contribution to our 
knowledge if they will re-examine their present data 
with the subject of porosity specifically in mind. 
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Magnallux Inspection of Welded Storage 
anks 


® Procedure for getting the best results in magnaflux inspection 


of tank seams is indicated. 


Special attention is given to such mat- 


ters as surface finishing, spacing of prods, thickness of material. 


amount of powder. 


by F. A. Upson 


INTRODUCTION 


(OR many years it has been generally recognized 

that all-welded construction offers major advantages 

over riveted construction for storage tanks of the 

types ordinarily used for bulk storage of petroleum 
products in large volume. A good welded tank, for 
example, does not leak and, consequently, presents a 
better appearance than a riveted tank and involves less 
maintenance expense, such as for painting, for example 
Secondly, a good welded tank, being free from projec- 
tions on the inside surface of the shell, is more suitable 
for use with a floating roof than is a riveted tank 
Thirdly, a welded tank offers substantial cost advan- 
tages over a riveted tank, size for size. Fourthly, in at 
least some sections of the country, riveters appear to be 
a dying race. It should also be noted that the very 
nature of the riveting process presents a practical limi- 
tation upon the size of tanks which can be erected 
thereby, because of the increasing difficulty, as plate 
thicknesses go up, of obtaining suitable riveted joints 
(A practical size limitation of course likewise exists for 
welded tanks, but this limit is substantially larger than 
for riveted construction 

Notwithstanding these many advantages, a certain 
reluctance to ac ept all-welded tanks has persisted due 
largely to the difficulty of establishing the soundness of 
the main seams. Storage tanks are highly stressed 
structures; working stresses customarily used in them 
are about 50°) higher than in Code pressure vessels 
Whereas a riveted tank employs a type of joint that is 
readily susceptible to ordinary visual inspection and 
simple manual tests, the joints in a welded tank may 
contain dangerous hidden defects even though they be 
of excellent appearance. Furthermore, since welded 
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The limitations of the method are indicated 


tanks are often erected by welders on a “piecework” or 
“bonus rate” basis, and since no reasonable means 
exists whereby a tank can be subjected to an overload 
test, the need for suitable comprehensive (as distinct 
from spot-check) inspection coverage of the main 
welded seams is evident 

Of all the seams in a welded tank, the vertical shell 
seams are nominally the most critical because they must 
carry the full primary shell stress. The circumferential 
seams carry no primary load, and ordinarily it is not 
required that they even be full penetration welds; 
however, at their intersections with the vertical seams, 
it is desirable that they be sound in order to facilitate 
insuring that the ends of the vertical seams are accept- 
able. It is considered very important that nozzle and 
manway welds and reinforcing pad attachment welds, 
when they are located in highly stressed areas, be sound 
and they should accordingly receive preferred atten- 
tion. It is our usual practice to have heavy manway 
assemblies (including the sheets to which they are at- 
tached) prefabricated and stress relieved before welding 
them into the tank shell 
seams are not ordinarily considered critical from a stress 


Roof seams and bottom 


standpoint, but past history has indicated the need of 
establishing the soundness of at least the outside ends 
of the radial joints in the bottom sketch plates; second- 
ary stresses presumably are largely responsible for the 
occasional cracks that have originated in these locations 
and then progressed up the shell. The inside and out- 
side fillet welds attaching the bottom shell course to the 
sketch plates likewise should be sound in order for them 
satisfactorily to withstand what are probably the most 
serious secondary effects in the entire tank 

The usual inspection operation that has been em- 
ployed on the vertical and circumferential seams of 
welded tanks is to spot-check them by trepanning plugs 
at arbitrary locations on the seams. Such a procedure 
is probably satisfactory for the circumferential seams 
but its adequacy as applied to vertical seams appears 
open to serious question; as ordinarily handled, it can 
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result in as few plugs as one for each hundred feet of 
vertical seam in any course. Clearly, this is only a very 
meager sort of spot-check. Based upon about two years’ 
experience, it is believed that when the proper technique 
is used, the magnetic particle inspection process, better 
known as Magnaflux, is suitable for comprehensive 
inspection coverage of critical joints in all-welded 
storage tanks. 


EQUIPMENT REQUIRED AND SURFACE 
PREPARATION NEEDED 


Equipment that is required for Magnaflux inspection 
of tank welds includes a suitable power source, cables 
for carrying power to the part of the tank being in- 
spected, heavy copper prods for making contact with 
the welded seams and Magnaflux powder of a color such 
that sujtable contrast with the weld surface is obtained. 
Magnaflux powder is available in gray, red and black 
colors. In general, it has been found that the gray 
powder is the most satisfactory, whenever lighting con- 
ditions and the color of the background permit its use, 
because it seems to be less susceptible to changes in 
atmospheric humidity. In humid weather, the red and 
black powders appear to absorb moisture from the at- 
mosphere to a certain extent, with the result that they 
show a tendency to agglomerate, making it somewhat 
more difficult to apply them. 

Ordinary direct current has been used in the Magna- 
flux process for many years but its usefulness for the 
detection of subsurface defects is believed to be limited 
and perhaps unreliable due, apparently, to the fact that 
the constant magnetic field resulting therefrom reduces 
the mobility of the magnetic powder particles as they 
are applied to the surface of the material being checked. 
Ordinary alternating current is satisfactory for the 
detection of surface defects, but, presumably as a result 
of hysteresis effects, the alternating field does not per- 
mit the detection of subsurface discontinuities. Half- 
wave rectified current, which results in a pulsating 
field of constant direction, obviates the difficulties asso- 
ciated with straight alternating current and, at the same 
time, provides for increased powder mobility on the 
surface of the specimen, thus permitting greater sensi- 
tivity to subsurface defects. 

The size of cable required depends, of course, upon 
the power source, length of leads required by the job, 
and the amperage which must be carried. Ordinarily, 
low voltage current of from 600 to 1000 amp. is neces- 
sary. 

The most serious types of defects to be found in a 
welded seam are elongated in a direction parallel to the 
seam; accordingly, any surface irregularities similarly 
oriented will tend to mask, by simple mechanical en- 
trapment of the powder, any Magnaflux indication of a 
defect. For this reason, the most difficult type of sur- 
face to handle with the Magnaflux technique is where 
stringer beads have been left in the as-welded condition. 
In such a case, it is usually necessary to grind the surface 
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even when only looking for surface cracks. In the case 
of the vertical seams in welded tanks, however, stringer 
beads are not employed, and this difficulty is conse- 
quently not encountered. 

The principle of the Magnaflux process involves the 
accumulation of magnetic powder, on the surface of the 
material being checked, in regions where a discontinuity 
within the material results in a magnetic field distortion 
such that the field sensibly emerges from the surface. 
Accordingly, an appreciable overlay reinforcement on a 
weld will seriously reduce the subsurface sensitivity of 
the process. If the surface is smooth and flush, without 
overlay, then field distortion resulting from a subsurface 
defect will result in field leakage through the surface 
above the discontinuity. If a significant overlay exists, 
however, the distorted field will tend to follow through 
the overlay itself instead of cutting the surface, with the 
result that the magnetic powder will not form a pattern 
on the surface. 

On tank welds in the field, the overlay is ordinarily 
held to a minimum in order to reduce the total amount 
of welding required and thereby to speed up the job and 
reduce the total cost of field labor. Experience has 
shown that if the finished weld is essentially flush with 
the parent plates, and is reasonably smooth, then re- 
moval of slag, loose scale and dirt is all that is required 
by way of surface preparation; no sensible advantage 
is gained by further dressing of the weld surface in 
such a case. If, on the other hand, the finished weld is 
essentially other than flush with the parent plates, or is 
unduly rough, then dressing of the weld surface such as 
by grinding will be required. 


GENERAL METHOD OF PROCEDURE 


In Magnafluxing a tank weld, the magnetizing cur- 
rent is passed through the weld itself in successive over- 
lapping steps between the copper prods which are held 
in contact with the weld with a spacing ordinarily of 
from 4 to 8 in. The actual spacing used depends upon 
available current, sensitivity desired, plate thickness 
and to some extent upon the type of surface encoun- 
tered. It has been found that spacings in excess of 8 in 
are ordinarily not useful but that spacings somewhat 
greater than 4 in. are usually necessary in order to 
maintain a reasonable rate of progress. Generally 
speaking, a reduced magnetizing amperage or an in- 
creased plate thickness will require a reduetion in prod 
spacing. This is because the subsurface sensitivity of 
the process is a function of the magnetic field strength 
which in turn depends upon the current density. In- 
creases in plate thickness, however, appear also to in- 
crease the minimum useful prod spacing irrespective of 
magnetizing current values. The reason for this prob- 
ably is that an unduly close prod spacing promotes pref- 
erential concentration of the magnetizing current near 
to the weld surface, resulting in a reduction of field 
strength available for the detection of subsurface dis- 
continuities. 
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On the basis of information available to date, it ap- 
pears that limitations in subsurface sensitivity, to be 
discussed hereinafter, make it necessary to employ 
multipass Magnafluxing when plate thicknesses over 
about */; in. are involved. For example, on '/s-in. ma- 
terial, Magnafluxing of the finished weld from both 
sides is considered necessary. On 1-in. plate, Magna- 
fluxing of the back-chip, of the back-weld when half 
completed, and on both sides of the finished weld may 
be required. The exact amount of such Magnafluxing 
to be performed depends upon the experience of the in- 
dividual operators, and upon the sensitivity desired, 
thicknesses involved, magnetizing current available and 
other associated variables. 

Although special powder blowers are available and 
are sometimes valuable, it has been found that when 
working on vertical surfaces such as tank shells, appli- 
cation of the powder between the prods is more readily 
accomplished by merely shaking it from a rubber bulb 
On a vertical surface, the excess powder falls off com- 
paratively readily and the additional bulk of the powder 
blower is not justified. This is of very real practical 
significance since much of the work must be done from 
scaffolds. The powder should be used rather sparingly, 
because excessive amounts tend to mask otherwise 
recognizable patterns, and the experienced operator 
will learn more about the extent of subsurface defects 
by observing the motion of the powder as it is applied 
to the surface than by examination of final patterns 

Needless to say, the effectiveness of Magnafluxing a 
tank or any other structure can be enhanced consider- 
ably by proper attention to design details; for example, 
full penetration welds should be used wherever possible 
in joints which are to be Magnafluxed. This means that 
lap-welded details and other fillet welds with unfused 
roots should be avoided. Where this is not practicable, 
such as in the case of circumferential fillet welds attach- 
ing reinforcing pads to the shell and in the case of the 
fillet welds attaching the lower shell course to the bot- 
tom sketch plates, it may be necessary to use alternating 
current for magnetization in order to avoid picking up 
(When this is done, 
howevtr, it should be recognized that subsurface sensi- 


the unfused roots of the welds 


tivity is almost 100°% lost.) In the case of the hori- 
zontal seams where they intersect with the vertical 
seams, full penetration welding is considered desirable 
for a few inches on each side of each intersection so that 
Magnaflux (using half-wave rectified current) can be 
used to determine the soundness of the horizontal seams 
at these points. The outside ends of the radial seams 
joining the bottom sketch plates can ordinarily be 
Magnafluxed using half-wave rectified current. Other 
seams in the tank bottom do not require Magnafluxing, 
nor do the roof seams 

No particularly unusual prerequisites are necessary 
for the Magnaflux operator other than those required 
of any good inspector but, because the Magnaflux 
indications obtained from subsurface defects usually 
lack the sharp definition characteristic of those resulting 
from surface cracks, a certain amount of experience in 
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subsurface applications is desirable. It is also desirable 
for the operator to have a general comprehension of the 
theory of the process in order that he may better appre- 
ciate its limitations. 

It has been found that one Magnaflux operator and, 
when necessary, a helper can ordinarily keep up with 
four to eight welders on tank work (depending on local 
conditions) provided, of course, that the Magnaflux 
equipment is arranged for adequate mobility. In order 
to achieve maximum results with minimum expense, it 
is necessary for the Magnaflux operation to follow im- 
mediately after the welding. This makes it necessary 
for the Magnaflux operation to be very carefully fitted 
in with the tank erector’s schedule of operations so as 
to avoid unnecessary delays in the field. This is doubly 
important where multipass Magnafluxing is necessary. 
Experience has indicated that careful planning and 
joint cooperation between the erection crew and the 
Magnafluxing crew will result in no serious interference 
adversely affecting construction progress 


LIMITATIONS 


Magnaflux is in no sense a cure-all for weld inspection 
problems nor should it be used to the exclusion of any 
other inspection technique. Magnaflux is, however, a 
valuable tool which can be used with good effect if it is 
used intelligently and with careful regard for its limita- 
tions 

Magnaflux should not be expected to reveal ordinary 
porosity or isolated slag pockets. On the other hand, 
slag stringers, cracks, lack of fusion and poor penetra- 
tion, which are all elongated in the direction of the 
welded seam, can be revealed, provided they do not lie 
too far below the surface. (Sometimes Magnaflux will 
readily locate serious cracks that even radiography can- 
not find.) In general, it appears that when working on 
material of thicknesses ordinarily encountered in tank 
shells (not essentially greater than 1 in. thickness), the 
subsurface sensitivity obtained by Magnafluxing the 
finished weld should not be assumed to exceed approxi- 
mately ?/, in., or '/; the plate thickness, whichever is 
less, in material over about '/s in. in total thickness 
For material '/; in. and under in thickness, these pro- 


portions can be modified as is inferred in a preceding 


paragraph. 

Since the Magnaflux pattern resulting from a com- 
paratively deep subsurface crack is more or less the 
same as might result from a slag stringer, for example, 
located closer to the surface, it is often difficult to de- 
termine the type of defect causing any particular indica- 
tion. Accordingly, it is assumed that all Magnaflux 
indications require chipping. This is not an unreason- 
able basis on which to proceed because of the fact that 
the Magnaflux process is such that it ordinarily does not 
reveal inconsequential defects 

When Magnafluxing the back-chipped root of a weld, 
it will be found that the subsurface sensitivity is mark- 
edly reduced, presumably as a result of the shape of the 


bevel which extends upward from the root on each side 
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thereof. Accordingly, care must be used in settling 
upon a detailed method of procedure in any particular 
case so as to insure that the range of sensitivity realized 
in each pass is such as to overlap those of other passes. 
It should also be noted that sharp irregularities in the 
contour of the back-chipped groove may cause other- 
wise recognizable powder patterns to be masked; 
therefore, the choice of tools used for back-chipping is 
important. 

Experimental work carried out on test plates having 
defects deliberately included therein must be done very 
carefully in order for any correlation with actual field 
conditions to be obtained. The most common pitfall in 
this regard appears to be that of welding over unfused 
lips, at the root of the weld, that have been placed in 
intimate contact with each other. The result of such a 
condition is to minimize the magnetic field distortion 
obtained because of the extremely narrow width of the 
defect. In actual tank erection work, of course, such a 
defect could not be realized because of the general prac- 
tice of providing shims to space the plates a definite 
distance apart. Furthermore, should a situation such as 
this occur in the field, the time to discover it is before 
any backwelding has commenced rather than after all 
welding has been completed. 

It should be emphasized igain here that Magnaflux 
is not a substitute for ot.er forms of inspection but 
rather that it should be used in conjunction with other 
forms in order to provide additional assurance of sound 
welds. 


SUMMARY 


It is necessary, in planning for a Magnafluxed tank 
erection job, that the operation be carefully fitted in 
with the erector’s field schedule in order to avoid field 
delays. Furthermore, it is necessary that the tank 
erector be acquainted with requirements as to weld 
finish so as to eliminate the need for dressing of the 
seams. Half-wave rectified current should be used for 
magnetization except in those locations where the 
presence of an unfused root, such as on fillet 
welds, makes it necessary to use alternating current. 
Magnetizing currents of less than 600 amp. should not 
be employed and larger currents up to about 1000 amp. 
are ordinarily desirable. 

In order to avoid disappointment in the Magnaflux 
process, it is necessary that its limitations be constantly 
borne in mind. In particular, situations affecting its 
subsurface sensitivity must be clearly and promptly 
recognized as they are encountered. A comprehensive 
understanding of the physical principles upon which it is 
based will best serve to accomplish these ends. 

The Magnaflux process, if intelligently and carefully 
used together with other inspection procedures (in- 
cluding careful qualification of welders; visual inspec- 
tion of fit-ups, back-chipping, inter-pass cleaning, and 
weld finish; and spot-check trepanning), should result 
in the elimination of dangerous weld defects from all- 
welded tanks 
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nert-Gas-Shielded Arc-Welding Aluminum 
ressure Vessels 


Inert-gas-shielded arc-welding process, 


under proper 


procedure control, can assure welds of excellent quality and 
appearance on complex weldments and vessels of aluminum 


by A. J. Hopper 


INTRODUCTION 


HE inert-gas-shielded are process provides the 

fabricator with a tool which permits high class or 

code welds on wrought aluminum of heavy thick- 

ness. Welding speeds are good, no interpass or even 
final cleaning of welds is usually required, no flux is 
needed with its removal problem, the welds can be made 
in most positions and are sound with a good appearance 
Mechanical properties of the completed welds can nearly 
attain the values of the parent aluminum. For high- 
quality fabrication of a few-of-a-kind types of alu- 
minum vessels, this process is essential to meet the de- 
mands of the designers 


CONDITIONS 

In discussing the practical problems that have been 
met in using the inert-gas-shielded are process, certain 
conditions have been standard with our Company in 
nearly all cases. We have generally used 3S aluminum 
plate with occasional use of 28 and 618. Stresses in 
welds have been figured in accordance with the annealed 
The 435 filler rod has been 
generally used because of its lower melting point and 


values of these materials 


freedom from weld cracking, although it does have a 
lower ductility than the parent metal. The inert-gas- 
shielded are process used consisted of a virtually non- 
consumable tungsten electrode in a water-cooled torch 
head that also emits an inert gas, argon, to completely 
shield the arc, electrode and weld metal. The sizes of 
tungsten electrodes and filler rods were varied to suit 
plate thickness and current used. Tungsten electrode 


3 1 


diameters used were */\5, '/4 and °/i¢ in.; aluminum 
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filler rods were '/4 and in. Current used 
throughout was a. c. with superimposed high frequency 


for are stabilization 


LAYOUT AND ASSEMBLY 


As most aluminum plate is shipped from the mills 
wrapped and crated, storage and handling of aluminum 
in the fabrication plant should be treated with the same 
respect. Aluminum is relatively soft, only one-quarter 
the hardness of steel. The normal run of steel tools 
found in the shop will mar the surface of aluminum 
plate. If possible, aluminum should be handled by tools 
just for aluminum and, furthermore, separate assembly 
areas should be provided for its fabrication Rolls, 
shears and press brakes can, of course, handle both steel 
and aluminum, provided this equipment is cleaned and 
covered with heavy paper before working aluminum 

Clean welding grooves and clean filler rod are essen- 
tials to the inert-gas-shielded are process on aluminum 


Partial assembly of aluminum heat exchanger 
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Grooves that are chipped just before welding are in 
proper condition. Where groove preparation must be 
made well beforehand, wire brushing just before welding 
and /or covering the grooves with masking tape proved 
invaluable. 

Good fit-up of joints is desired in presstire vessel 
fabrication. Accurate layout must precede good fit-up 
in assembly. Aluminum will shrink about twice the 
amount of ordinary steel in the welding operation. 
Shrinkage allowance for welding should be made in 
layout, particularly if there are many welded seams and 
over-all tolerances to be met. Where any doubt 
exists that shrinkage during welding may cause partial 
collapse or flatness of shells at nozzle locations, this 
trouble should be avoided by the use of shell formers as 
hold-down jigs during welding. The number of tack 
welds should be generous to prevent troublesome distor- 
tion of plates when welded. Tacks should be chipped 
out and not welded over, to insure that the first pass 
penetrates evenly to the bottom of the groove. 


WELD GROOVE PREPARATION 


The preparation of weld grooves for butt joints in 
aluminum follows similar work in carbon steel with 
added refinements. The tungsten eleetrode will project 
* 19 to ®/i¢in. beyond the cup of the torch for normal gas 
shielding. In deep grooves, sufficient width must be 
provided in order to permit free manipulation of the 
torch head in the bottom of the groove. Butt weld 
types (a) through (g) are illustrated on Figs. 1 and 2. 


(A) WELD ONE SIDE 
ONLY. BACK -UP 
TO REMAIN 


[ 


70 
WELD ONE SIDE 


ONLY. BACK-UP 
TO BE REMOVED 


(C). WELD ONE SIDE 
ONLY. REMOVABLE 
COPPER BACK-UP 
BAR. 


GAP 


Fig. Butt welds—aluminum 
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Type (a). Note that a '/, in. minimum thickness 
back-up strip is specified to insure root fusion without 
the ever-present danger oi turning through. 

Type (b). Where a back-up strip cannot remain, a 
grooved strip of heavier thickness may be used. This 
strip is chipped out after welding and the excess rein- 
forcing provided by the,groove is ground and blended 
to the parent metal. 

Type (c). For longitudinal seams of small vessels or 
pipes of aluminum, a welding jig was used which, by air 
pressure in a flexible hose, forced a copper back-up bar 
against the bottom of the weld groove. The copper 
back-up bar was grooved '/, in. wide by */32 in. deep. 
Manual welding with the inert-gas-shielded are process 
sometimes left two parallel oxide lines along the inside 
reinforcement. The original root edges had dropped 
down during the welding process. To eliminate these 
lines, the torch head without filler rod was played upon 
this inside reinforcement. 

Type (d). Square edge butts, welded from both 
sides, would X-ray satisfactorily in thicknesses of */j¢ 
and '/, in. 

Type (e). Square edge preparation with the far side 
chipped with a diamond point chisel would make satis- 
factory butt welds in thicknesses of °/;. and */, in. 

Type (f\. For plate thicknesses from 7/5 up to °/s 
in., a bevel preparation with 70° included angle and 
approximately '/,-in. land was used. 

Type (g). With plate thicknesses from */4 up to 2 in. 
either a single-U or double-U groove was used. 


(0) 
prate 


102" PLATE 


Fig. 2 Butt welds—aluminum weld both sides 
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Nozzle Connections to Shell 


In making nozzle connections to shell, either the run 
or the branch (whichever permits access by the welding 
torch) is outside beveled 45° with '/,-in. land by chip- 
ping. (See Fig. 3). Excess aluminum to '/s in. long 
is to remain on the run or branch not beveled. Welding 
first fills the beveled groove and the reinforcing fillet 
from the outside. The welding torch is then played 
upon the inside. No filler rod is required due to excess 
aluminum allowed. Sufficient current must be used in 
welding to break down aluminum oxide at the root of 
the bevel. This operation is probably the most im- 
portant regarding the welding technique. Considerable 
skill is required in order to have the are penetrate to the 
root. Excess material is then ground off. 


Fabricated Stub Ends 


Most nozzle connections to vessels were made with 
lapped joint flanges. Aluminum stub ends for use with 
these forged steel flanges can be purchased in many 
IPS sizes. However, our specifications called for the 
lap to extend out to the O.D. of the flange for the use 
with full face gaskets. These stub ends were fabricated 
from aluminum rings and sections of pipe. To suit the 
welding process, the pipe aund rings were prepared for 
It will be 
noted that welding on the first side is directed ut the 


welding according to the diagram (see Fig. 4 


heavier plate, the lap ring. The second side was welded 
without back chipping. Here, care must be exercised in 
(A 100°% fusion or X- 
ray weld could only be guaranteed by back chipping 


order to insure fusion at the root 


Skilled welders, however, could insure 1007 fusion with- 
out back chipping if the joints had been kept clean 
throughout the welding operation, and if the joints were 


BRANCH 


1ST WELD 


45° 


1ST WELD 


BRANCH 


2ND/ 
WELD RUN 
Fig. 3 Nozzle connections to shells 
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Fig. 4 Fabricated aluminum stub ends 
welded continuously ; i.e., the far side or seal pass Was 
welded not too long after the original groove had been 
filled, or before the aluminum had become dirty. After 
all welding, these stub ends were machined all over on 
the lap to bring its thickness equal to that of pipe wall. 


PREHEATING 


On aluminum plate thicknesses of */j¢ through 


in., no preheating is usually specified. From 

through */, in., preheating between 200 and 300 

is usually done and at least 300° F. on thicknesses be- 
tween 1 and 2in. The heat conductivity of aluminum 
is about five times that of steel, so it is not unusual to 
find parent metal temperatures up to 500° F. after run- 
ning the first pass with an initial preheat of 300° F. Pre- 
heating with strip heaters proved satisfactory when the 


entire subassembly could be raised in temperature and 


fluminum heaters on assembly and welding jig 
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insulated from the outside air. When individual joints 
on a main assembly required preheat, the temperature 
rise of the aluminum dissipated so rapidly that the 
groove temperatures did not reach 200 or 300° F. Suffi- 
cient heat could not be concentrated with the strip 
heaters. Propane torches were used in these cases, but 
the uneven heat caused a little more trouble with 
tungsten inclusions. 


SPECIAL APPLICATION—WELDING TUBE 
SHEETS TO BARRELS 


The heaviest welds made were those attaching 2! »- 
in. thick tube sheets to sections of shell 2 in. thick. 
Two shell sections were 62 in. I1.D. by about 24-in. 
long rolled cylinders of 2 in. thick 3S plate and butt 
welded. The tube sheets were 2'/2 in. thick 38 plate 
machined to an O.D. of 62 in. with a J groove 1'/, in. 
deep by 1'/: in. wide at the top. (See Fig. 5.) As- 
sembly of these tube sheets in the barrels was done by 
heating the barrel to 300° F. and packing dry ice on the 
tube sheets——the tube sheets were pressed into place. 
Tacks were made on the side opposite the J groove. 
In order to assure flatness of the tube sheets, a hold- 
This 
jig held the tube sheet flat by exerting pressure from 
above and below. The barrel was restrained at the top 
and bottom by setting in a machined groove. Preheat- 
ing and temperature control during welding was accom- 


plished with 27 kw. of strip heaters below the tube sheet, 


down jig was used during all welding operations. 


-and 15 kw. of heaters around the barrel opposite the 


weld joint. Switches were provided so that banks of 


heaters could be cut out. The barrel assembly was sur- 
rounded with magnesia blocks, the top of the tube sheet 


was also covered with these blocks leaving just sufficient 


SIDE 


62" NOM 
.INSIDE DIA 
MACHINED 
GROOVE 


af 
TUBE SHEET 


BARREL 
SECTION 


MACHINED GROOVE - 
AFTER WELDING 
NEAR SIDE A 


= 


Fig. 5 Groove detail—tube sheet weld 
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Welding jig used in the special application of welding 
tube sheets to barrels 


room at the weld groove. Preheating to 700° F. was 
accomplished in 4 hr. prior to welding. 
ture of the aluminum was held close to 700° F. through- 
out the welding. Temperature was checked with in- 
dicating crayons and varied by cutting out heaters as 
the welding heat was applied. Welding once started 
was continued until the groove was filled. Due to the 
intense heat, two welders worked alternate 15-minute 
shifts. Welding continuously, except time out for 
fatigue and adjustments to the welding torch, the J 
groove on the first or near side required about 24 
elapsed hours. The assembly was allowed to cool 
slowly in the jig, requiring 10 hr. to reach 100° F. 

At room temperature, check dimensions indicated 
that the barrel had shrunk about '/s in. on circumference 
at the tube sheet, Location B. At Location A and C, 
shrinkage varied between '/j5 and '/, in. on circum- 
ference. The tube sheet remained flat. 

X-rays were taken at eight points at random on the 


The tempera- 


circumference of this weld before, any work was done on 
the far side of the tube sheet. 
The X-rays indicated sound welds with little or no 
porosity, but with small amounts of tungsten inclu- 


There were no cutouts. 


sions. In a weld of this thickness, it was agreed to ac- 
cept tungsten inclusions no bigger than 4,» in. diameter 
well separated, or groups of smaller inclusions as long as 
they were not touching or continuous. 

The opposite or far side of the tube sheet was prepared 
for welding by machining a J groove with a radius of 
1'/s in. and deep enough to penetrate the first passes 
Barrel and tube sheet 
ein. J up 


from the original or near side 
were again set in the welding jig with the 1! 
After heating the aluminum to 700° F., welding was 
continuous to fill the groove in about 29 elapsed hours 
After the long cooling-off period, the barrel and tube 
sheet were removed from the jig and checked dimen- 
sionally 

Total shrinkage of the barrel was the greatest at the 
tube sheet, Location B, measuring °/;. in. in cireum- 
ference. The check dimensions in the top and bottom 
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of the barrel showed total shrinkage varying from !/ 


to ! 


; in. on circumference. The tube sheets were flat 
Within '/j, in. X-ray films taken at random after all 


welding indicated no cutouts. 


CONCLUSIONS 


Comment on the rates of welding obtainable with the 
inert-gas-shielded are process on aluminum has been 
purposely omitted until this paragraph, in order that 
the reader might obtain a clear picture of this particular 
application of the process. It can be seen that welding 
rates would reflect choice of grooves, quality of the weld 
metal, operator fatigue and, similar to any new tool, the 
elimination of operating and maintenance ‘“‘bugs.”’ For 
example, the special application of welding thick tube 
sheets to barrels averaged 1 Ib. of aluminum rod per 
elapsed hour. On the other hand, a longitudinal butt 
weld 10 ft. long in a 7/,-in. thick shell welded on a jig 


averaged 2 lb. of aluminum rod per elapsed hour. Stub 
end loss was low, spatter loss was nil and there was no 
flux loss. Argon consumption was relatively high, be- 
tween 40 and 50 cu. ft. per hour on the tube sheet weld 
where conditions were extremely hot for the operator 
and equipment, and where weld quality and control of 
distortion were of prime importance. Other aluminum 
welds required between 15 and 30 cu. ft. of argon per 
hour, depending upon the amount of preheat, design 
and accessibility of the weld. The consumption of the 
tungsten electrode ran about 1 in. for 25 lb. of aluminum 
filler rod used. 

Fifteen years ago, aluminum weldments had to be 
simple in order to control distortion during the welding 
operation with processes then used. Weld appearance 
and quality left much to be desired. Today, the inert- 
gas-shielded are process can assure welds of excellent 


quality and appearance on complex weldments and 


vessels of aluminum. 


by Edward Dash 


INTRODUCTION 


TOWHERE in the literature has there appeared any 
information relative to the stud welding of alumi- 
l num alloys and nowhere, to the author’s knowledge, 
has a suitable process been used, other than 
shielded stud welding,* by which the end welding of 
aluminum studs to alumninum alloys could be success- 
fully accomplished It is the purpose ol this paper to 
give a short history of the development of this process 
and to give some details of the equipment used and 
some of its possible applications 
At the beginning of the last war, many engineers 
became aware of the problem of securing fibrous glass 
board insulation to aluminum alloy bulkheads on 
Naval warships in order to withstand gun shock and 
impact. Beeause of the consistently poor welds ob- 
tained at that time by attempting to use aluminum 
stud welding, and also because glie or cement used 
alone proy ided unsatisfactory adhesion, an alternate 
procedure was adopted of riveting steel pads to the 


aluminum bulkheads and stud welding steel insulation 


Edward 
He » 


Dash ix W nee Be Ne Shit 


January 1950 Dash 
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studs to these pads. It is obvious that such a procedure 
was time-consuming, added weight where weight was 
specifically designed to be minimized and was extremely 
costly 

In a series of experiments the author proved to him- 
self that satisfactory aluminum end welds on AL6IST 


could be accomplished In an atmosphere ol inert gas. 
These welds successfully met the requirements of a 
hammer bend test, were characterized by good physical 
properties with macro-etched specimens indicating 
freedom from cracks, porosity and inclusions and show- 
ing adequate penetration and fusion to the parent metal. 

The method of inert-gas-shielded stud welding, sub- 
mitted to the Navy and tested in a series of comprehen- 
sive tests under the cognizance of the Welding and 
Casting Section of the Bureau of Ships, is now an 
established process being used at various naval activ- 
ities, and is listed in the standard ‘‘Master Chart of 
Welding Processes” 
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EQUIPMENT 


The equipment necessary for the process comprises 


the follow Ing: 


a \ source of reversed polarity, direct current. 

b An automatic stud welding gun with an inert as 
adaptor 

An automatic timet 

d Cylinders of inert gas 
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(e) A regulator and gas flow meter. 
(f) A-solenoid valve. 
(g) A supply of aluminum welding studs. 


Describing the components of this equipment in greater 
detail and in the order shown above: 

(a) The source of d.-c., reversed polarity may be 
obtained either from a single-operator, variable-voltage 
motor-generator set or from a multi-operator, constant- 
potential motor-generator set used in conjunction with 
a resistance control panel for current adjustment. 
Current requirements will vary depending upon the 
diameter at the welding end of the stud. (A single 
operator set of 400 amp. capacity can be used for 
straight conically pointed studs up to and including 
5/16 in. in diameter.) 

(b) Any automatic-type stud welding gun, fitted with 
a suitable adaptor at its end to provide the inert atmos- 
phere for the stud weld, is satisfactory. Porcelain 
ferrules have not been found necessary in obtaining 
sound welds with studs up to and including °/j. in. in 
diameter. 

(c) Although timers of the mechanical type are satis- 
factory for steel stud welding, it is considered that the 
more accurate timer of the electronic type is more 
desirable primarily because the characteristic of narrow 
plastic ranges of aluminum alloys necessitates accurate 
timing. This is especially true when welding thin- 
gage aluminum where a large error in the timing would 
cause the stud to pierce the thin material because of 
excessive heat. 

A commercially available electronic sequence timer 
ordinarily used with resistance-welding equipment and 
incorporating at least three time delay relay circuits 
may be used satisfactorily with the shielded-aluminum 
stud-welding process. The definition of the 
time” is converted in the latter process to mean that 


‘ 


“squeeze 


time during which the inert gas flows prior to the initia- 
tion of the welding current and the are. The definition 
of the “weld time” remains the same, i.e., measuring 
out the time for the welding current. The definition 
of the “hold time” is converted in the stud-welding 
process to that time during which the inert gas continues 
to flow after the welding current has stopped. 

(d) Experimental work performed to date indicates 
that double charcoal purified, welding-grade helium is 
preferable to argon in the shielded-aluminum stud- 
welding process, because welds of good quality appear 
to be more consistent in an atmosphere of helium. This 
may be attributable to better shielding of the are 
obtained with the relatively lighter helium in positioned 
welding particularly in the overhead position. 

(e) An ordinary oxygen regulator and flow meter of 
the type usually employed in inert-gas-shielded are 
welding is also used in this process. 


(f) A 110-v., a.-c. solenoid valve is connected into 
the gas line between the flow meter and the gas adaptor 
on the stud welding gun. 

(g) Aluminum welding studs successfully used in this 
process are manufactured from aluminum alloy con- 
taining approximately 5°% silicon and known in the 
trade as Al-43. As is well known, this alloy has found 
wide application in the fusion welding field and now in 
the shielded-aluminum stud-welding process because 
of freedom from hot-shortness and cracking in the weld 
metal deposit. 

It has been the author’s experience that the shape of 
the welding end of the stud is not critical, excellent 
results being obtained with straight conically shaped 
studs containing an angle of approximately 135°. No 
are-initiating material is necessary. 


APPLICATIONS 


As indicated in the introduction, this process is now 
being applied by the Navy for securing fibrous glass 
board insulation to 618 aluminum bulkheads. This 
method consists essentially of end welding threaded 
studs to the bulkhead at approximate 18-in. centers, 
impaling the fibrous glass board over the studs, install- 
ing a Washer over and then fitting a nut on the stud. 
Such bulkheads vary in thickness from ! 

The author has also performed some experimental 


is to . 4 in. 


work, which is not yet completed, on 24ST aluminum 
alloy. Results to date indicate that sound welds may 
be obtained without cracking in the base material and 
that such welds can consistently withstand a hammer 
bend test without failure. 
being done on thin gage Alelad 24ST aluminum. Sched- 
ules for different thicknesses of various aluminum 
alloys which will include data on current, are voltage, 


Experimental work is now 


gas flow, stud size, ete., are also being prepared and 
will be submitted as a later report. 

However, enough work with the process has been 
accomplished to indicate that shielded aluminum stud 
welding should find wide application in the fabrication 
of aluminum products. 
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Are Welding of Molybdenum 


® Dataare presented on the submerged arc welding of molybdenum 
in the production of sound welds. Inert-gas-shielded are and 
atomic hydrogen may be also used for sheets less than '/, in. 


by I. S. Goodman 


Abstract 


As the technique of producing pure molybdenum in a greater 
variety of shapes and sizes has improved, and as the requirements 
for high-temperature alloys may increase, a corresponding de- 
mand has appeared for better methods of joining molybdenum 

Thin sections may be resistance welded or brazed with ease 
but, for heavier sections, the resistance-welding power demand is 
too high to be practical and brazed joints do not possess tempera 
ture and/or corrosion resistances for many ipplic ations Arc 
welding appears to be the only nonmechanical method for join 
ing large or thick molybdenum sections so that the joint has 
comparable properties to the base metal 

Data are presented and discussed with accompanying micro 
photographs which indicate that submerged are (or melt) welding 
offers the best potentialities for sound joints. Inert-gas-shielded 
ire welding and atomic hydrogen welding are discussed briefl 
since present techniques limit their use to sections less than 
in. thick, Manual are welding does not appear feasible 


INTRODUCTION 


URING the past several years, techniques have 
been developed for producing molybdenum in a 
large variety of shapes and sizes. Pressed and 
sintered ingots averaging 24 kilos have been rolled 


1/, x 14 x 17 in. (two slabs per ingot) and 


to slabs 
these slabs have been further rolled to 0.020 x 24 x 60- 
in. sheets, several times larger than any available here- 
tofore. Improved stamping and spinning techniques 
have produced one-piece molybdenum containers 
ranging from 1-10 in. I.D. and from ' 2-4 in. deep from 
sheet stock 0.020 to 0.060 in. thick as well as smaller 
sizes from lighter stock 

Normally, molybdenum enjoys a preferred position 
among the refractory metals due to its lower cost 
This demand has been accelerated by the current search 
by physicists and metallurgists for high-temperature 
metals and alloys for aeronautical and atomic research 

On its credit side, molybdenum has a high melting 
point (2620° C.), a high electrical and thermal con 
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duetivity, good ductility in the worked condition and 
desirable corrosion resistance to many chemical re- 
agents. On its debit side, molybdenum oxidizes readily 
above 400° C. in the presence of oxygen, the oxide 
MOs) being volatile though not toxic. Also the large 
coarse recrystallized grain structure typical of over- 
heated molybdenum is quite brittle. (Molybdenum 
will start to recrystallize above 900° C., but such heat- 
ing for short times may be beneficial rather than detri- 
mental to the tensile properties; as with other metals 
the eventual recrystallized grain structure will be a 
function of time, temperature and the previous history 
of the material.) 

Considering these two faults, it will be appreciated 
that are welding, which exposes the base material to air 
at oxidizing temperatures and whose time-temperature 
product results in large coarse grains, should be the 
least desirable method of joining molybdenum. That it 
is. 

Of the common methjods, other than arc welding, of 
joining metals we may mention mechanical bonding 
e.g., rivets, lock-seams, etc.), brazing and resistance 
welding. It is hoped to discuss these other methods 
more precisely in future papers, but we may consider 
them briefly here and emphasize the fact that, contrary 
to the published experiences of other sources, we have 
not found the bonding of molybdenum difficult by these 
methods 

Mechanical bonding is an inexpensive and straight- 
forward method, particularly on lighter sections, but is 
not applicable to many designs and is generally unsat- 
isfactory for liquid-tight or gas-tight applications, 

Brazed joints can be made with a wide variety of 
brazing alloys ranging from the common silver-brazing 
alloys at the lower end of the temperature scale to 
platinum and palladium and molybdenum alloys at the 
upper end. Brazing-alloy application and heating 
methods are the same as those in brazing conventional 
metals except that brazing must be carried out in 
hydrogen, nitrogen or one of the inert USCS It is 
also helpful to utilize brazing alloys containing small 
quantities of nickel or other elements alloying with 
moly; for copper, zine and silver alloys a nickel plate 

ee the moly will give better adhesion and strength. 
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Cupro-nickel alloys are cheap and give excellent joints 
with a choice of temperature range. One common 
brazing application involves molybdenum resistance 
electrode tips. However, many applications for molyb- 
denum require the corrosion resistance and temperature 
protection of the original molybdenum metal which are 
not shared by the brazed joints. 

With the advent of precise short period resistance 
welding timers and welder heads with fast follow-wp, 
great strides have been made during the past several 
years in resistance welding of molybdenum. Diffi- 
culties have been the high conductivity and high melt- 
ing point of the metal and the weakness of the joint 
in the weld-nugget boundary (due to unrelieved stress 
between the recrystallized nugget and surrounding as 
worked base metal and oxide inclusions). Neverthe- 
less, we are fabricating an increasingly large percentage 
of previously mechanically bonded joints with resist- 
ance welding, the most recent being several cylinders 
6 in. I.D., 6 in. high, of 0.020- to 0.060-in. stock which 
iwere resistance seam spot welded gas tight. However, 
due to its high conductivity and high melting point, so 
‘much kva. is required for successively heavier stock as 
to make resistance welding inadvisable on sheet 
material over 0.100 in. thick. 

It will thus be seen that applications exist or may 
‘arise for molybdenum assemblies that require a high 
)corrosion resistance and high-temperature operation so 
fas to exclude brazing, of '/, in. or thicker stock so as to 
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exclude resistance welding, requiring gas or liquid 
tightness so as to exclude mechanical bonding and of 
sufficient complexity to make forging, stamping or 
spinning improbable. It is for such applications that 
we turn to are welding with a full realization of the 
limitations of the resultant metallurgical structure. 

For several years the Welding Section of the West- 
inghouse Research Laboratories at East Pittsburgh 
under J. Heuschkel and we at the Lamp Division have 
collaborated in experiments on inert-arc welding of 
molybdettim. More*recently a concentrated program 
on submerged-are welding of molybdenum was carried 
out by the Lamp Division of the Westinghouse Corp., 
under the writer’s supervision using the facilities of the 
M. W. Kellogg.Corp. at Jersey City. In this phase of 
the study, we would like to acknowledge the valuable 
assistance of W. Bunn and J. Schenk of the Kellogg 
Corp. The remainder of this paper presents the data 
arising from these studies and a discussion thereof. 
We trust it will stintulate further investigations on this 
subject since we fully appreciate that our work to date 
has been primarily of an exploratory nature. 


THE SUBMERGED ARC-WELDING PROCESS 


It is assumed that most of the readers of this paper 
are familiar with the submerged-arc-welding process 
but, for those who are not, 7 short description follows 
for which full credit is due the A.W.S. Welding Hand- 
book. 

Very early in the progress of electric are welding, a 
need was recognized for some form of protectian for the 
weld metal from the atmosphere. The first developed 
methods were coatings applied to the consumable 
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electrodes of hand welding. After this came various 
attempts to introduce mechanization to the welding 
process by reducing its dependence on the welding oper- 
ator. The first powdered fluxes that were developed 
for separate introduction into the weld zone, while a 
base electrode material was continuously and me- 
chanically fed, frequently produced a very vigorous arc 
action with sparking and sputtering of metal and was 
known as smothered are welding. It did not obtain 
very wide attention. 


But gradually more satisfactory fluxes and techniques 


were developed so that there was no visible evidence of 


the are during the welding process and this, now widely 
accepted process, is known as submerged are or sub- 
merged melt welding 

In this process, the consumable welding electrode is 
noin contact with the work, but the current is carried 
across the gap through a flux. This flux is a completely 
reacted, specially manufactured granulated material 


which is nonconductive when cold but a highly resistant 
conductive medium when molten. It is applied over 
the weld area. The initial passage of current between 
the welding rod and base metal is accomplished by 
placing a small ball of steel wool between them. 


SUBMERGED ARC WELDING VARIABLES 
ENCOUNTERED IN MOLY WELDING 


Bead vs. Weld 


All of the initial tests and most of all the total tests 
made were concerned with the lay ing down of beads or 
passes on single flat plates rather than the making of 
welds. This was done in order to conserve material, 
and to avoid the additional variables present in a weld 
which would not enter into the development of any 
initial technique. The final tests, as indicated on 
Tabie 1 were actual butt, tie and lap joints between two 


pieces of material 


Table 1—Submerged Arc Test Data* 
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Rate 
Bead Volt- trave 4 
Test kness Current, age 
Vo weld Plus Weldir i materia hase meta imp mir Preheat, ° I Surface appearance, remarks Ft 
58 B Mix 15 e-ink Iy 350 35 10 Stable are, bead 
B Mix 12 n. moly 30 10 600 Stable a good bead 
60 B Mix 22 s-i@. mol ein. moly wo 10 10 600 Stable ar good bead a 
61 B Mix 21 ein. moly 175 31 10 600 Stable are, good bead 
62 B Mix 29 in ir aly 100 10 10 600 Stable arc, good bead a: 
63 B tainless @ux s-in n 75 +1 1000 P 
4 B Mix 30 ei , n. moly 100 10 10 600 Slag in ions ys 
65 RB Mix 31 e-in ly 10 900 Satisfactory 
66 Lincoln 660 n n 875 10 R00 Satisfactory 
67 B Lineoln 770 a~it o 454 10 ROO) Satisfact 
68 Linde 80 eit ein ly 75 10 800 Best to date, flux removal easy 
70 B arse, 20 mest 10 Ni 9 600 
71 B ed. 20 60 mes! nt 10 \ vay 600 rests 69-76 repre 
72 80 light <60 10 \ 35 9 600 t t to dis 
73 B 50°; -80, 50°%-770 n y+ 10%N 600 fect of mest 
74 B Lind Ox 12 x 150 s-in Ni in 385 a5 600 ipon weld pr 
coarse rrelation was ot 
75 B 80 course s-in y+5 Ni ly 600 i 
76 B Linde 50 x 8 x 48 fine oly + 5 N 600 
Tests 77-81 repro 
77 B Sx 48 fine -in, tungsten 600 te lay down tungsten beads ¥ 
79 B — us 74 s-in. tur ter dv 410 {3 q 600 sten elted with fair bead “x 
B x0 n. tungster 410 33 9 600 appearar but penetration 
s-in. tur ten ols 500 600 wit the base plate 
Was nil 
oly n rly 13 400 Porosit 
80 ‘ 10 N it 33 4100) Longitudinal crack 
BK Mix 38 s-in. 4100 31 400 Good & 
80 s-in n. moly 400 $1 400 (jood 
- 87 B Hasta and welded with d.., reverse polarity Cracked 
&S B Inconel hand welded with d.-@ Feverse polarity Cracked ee 
gu B in ‘ 10 f moly 185 35 400) + Ratisfact ™ Constant are 
18 Co, 82 N conditions on t@sts 
900 5% ly 450 34 500 4 
as above 
91 K a0) $50 34 9 560 4 
an above 
92 B 80 ‘ 5 450 34 4 
03 B 80 Cobalt s-ir 135 500 
o4 K 80 Same as 89 e-in. $50 500 
95 B Same as 80 \ 50 500 + 
06 B 80 s-it nt 500 500 + 
B 660 «in, mo \ 0 500 
St Butt weld 660 410 600 preheat Fair beurface cracks 
I T weld Sa us SU 415 4 Hin | t le { T, good 
130 
Overla Sa us &O $1 32 f Welded bot ies of lap, good 
weld $15 $2 60 I f al difficult 
130 t 
\ Butt weld Sa us 0 125 t Ve i ( parable to 
000 t 
W weld eas 69 425 ; heat Ver ( srable to 
1000 st tee 
1000 heat tee 
s Butt weld St) Same as 60 nt \ $25 0 4 1300 theat Fa e weld cracks ob 
i 
* Having been unable to establish are stability or n. base plates in the prescribed series of tests and time, this size was abandoned for heavy ==! : 
with ar liate improvement in weld appeara and ar tability and a t lixappearance of burn-thr } 
t Welds 8 to 8: were made wit! aterial preheat to 60 1000? F. and vated t lacing in a red ng at ‘ furna ediat atthe Ce 
f weld and slowly cooling to room temperature Initial postheat temperature was 1300° |} 
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Flux 


In are welding metal in air, it is necessary to protect 
the molten metal from atmospheric oxidation which 
jwould ordinarily be quite rapid. This is especially 
‘true of molybdenum which oxidizes rapidly above 
400° ©. 

One type of flux, frequently composed of silicates and 


Fluxes are used for this purpose. 


carbonates protects the molten metal by the liberation 
of neutral, or reducing gases (CO, COs, He, No, etc.) 
upon the thermal decomposition of its constituents. 

\ second type of flux, sueh as might be used in the 
submerged arc-welding process with which we are con- 
cerned, is almost wholly composed of various oxides. 
Since it becomes fluid sooner than the metal being 
welded, it protects the molten metal by floating on top 
and forming a barrier to the air. It also dissolves 
oxides that may be formed by the molten metal. 

This second type of flux with which we will be con- 
cerned hereafter must also_satisfy other requirements. 
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It must be of the proper viscosity: if too low, it may 
run off the weld quite readily leaving the metal exposed 
too soon; if too high, it may not cover the metal 
properly or dissolve oxides readily. It must have a 
coefficient of expansion as different as possible from 
the metal so that it separates easily from the weld on 
cooling. It must present a suitable electrochemical! 
potential to oxides that may be formed; basic to 
acidie oxides; acid to basic oxides. It must be stable 
to the passage of electric currents of high amperage; 
it must be homogeneous so as to prevent voltage 
fluctuations. 

A consideration of just these few requirements will 
indicate the extreme difficulty of satisfying them all 
simultaneously and the development that must have 
gone into those that are, at present, standardized for 
iron and steel welding. 

Molybdenum is metallurgically very different from 
commercial steels. It would be thought that the 
fluxes that are commercially available for steel would 
not satisfy any of the above listed requirements for 
molybdenum. Nonetheless, it was with these steel 
fluxes that we started. It was soon found that these 
were not entirely satisfactory in that their melting 
points were too low. There was also an interaction 
with the molten moly which made the removal of the 
slag residue extremely difficult and incomplete. The 
flux did, however, exert an oxide dissolving action since 
the metal under the slag was always much cleaner than 
that adjacent to the slag. 

An attempt was then made (Tests 
24-37) to devise fluxes based on 
chemical theory and fact that might 
be more suitable for molybdenum 
These new fluxes were much less satis 
factory in all tests. We attributed 
these results to two factors. Where 
as the commercial steel fluxes are 
made by melting together the con- 
stituents and then pulverizing to the 


desired mesh size, our fluxes were 
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mechanical mixtures of the various constituents 
These mixtures were observed to give much less are 
stability and greater spitting than the regular steel 


fluxes. Their compositions will be found in Table 2 


Table 2—Special Flux Mixtures 
I—44 17 39 ‘aO, 25 MgO, 50 No 
MnO, 
2—44 Si0,, 17 28 CaO, 
11 MgO 
3—50 CaO, 50 TiO 
4-50 No. 660, 50 Silica 
5—90 No. 660, 10 Ferco- 
manganese 
}—90 Silica, 10 Ferrochrome 
50 No. 660, 50 Sand 
90 No. 660, 10 Ferro- : 
chrome 95 No. 80, 5 Iron 
9—45 No. 660, 45 Silica, 10 90 No. 660, 5 Iron, 5 
Iron Oxide Nickel 
80 No. 660, 10 Nickel, 10 28—90 No. 80, 5 Lron, 5 Nicke! 
Sand 29-—90 No. 80, 10 Cobalt 
11—80 No. 660, 10 Cobalt, 10 30—85 No. 660, 15 Nickel 
Silica 31—85 No. 80, 10 Nickel, 5 
12—-90 No. 660, 10 Cobalt ‘obalt 
13—90 No. 660, 10 Iron 85 No. 660, 10 Nickel, 5 
14-80 No. 80, 10 Nickel, ‘obalt 
Iron 3: (Numbers not used, ori 
15—90 No. 660, 10 Nickel ginally assigned to 
16—80 No. 660, 10 Iron, 3: particle sized fluxes 
Nickel 36 tests 70-76.) 
17—40 No 660, 50 No. 80, 7—60 No, 80, 40 Nickel 
Iron 38—80 No. 80, 20 Nickel 


, 25 BaO, 50 No 


50 No. 660 
95 No. 660, 5 Nickel 
95 No. 660, 5 Cobalt 
95 No. 660, 5 Iron 
95 No. 80, 5 Nickel 
95 No. 80, 5 Cobalt 


bo ty te te 
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Realizing that the regular steel fluxes have a long 
history of development behind them and not obtaining 
any quick indication of the direction which should be 
followed, from the few new flux mixtures prepared, it 
was decided that further and more precise investigation 
would be both time consuming and beyond the scope 
of these exploratory tests. 

Thus, we returned to the use of two of the major 
steel fluxes, Lincoln No. 660 and Linde No. 80, with the 
realization that they were, at best, a compromise for the 
present. 


Size of Filler Rod 


As is known, the submerged are process utilizes a 
consumable filler rod. The automatic feed head at 
Kellogg was designed for !/s—5/9-in. diameter rod. For 
uniform results, '/s-in. diameter moly 
rod was used exclusively. For 
several tests this wire was plated 
with varying thicknesses of nickel, 
iron, nickel-cobalt or cobalt. Tests 
77-81 were run with '/s-in. tung 
sten rods. 


Thickness of Plate 


The first tests were made on !/¢- 
in. plate. A lot of '/s-in. seconds 
were immediately available at the 
time the program was started and 
this size was one of considerable 
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interest. However, it was found that “burn-throughs” 


frequently occurred on this thickness. When a 


“burn-through” occurs, a hole is formed ‘through 
which the filler rod protrudes and exerts a cutting 
action on the plate. This also results in very er 
ratic power conditions. _ Accordingly, it was decided 
to abandon '/s-in. plate and shift to heavier sizes. 
Tests 1-57 were on °/3:—*/3:-in. plate; tests from 58 on 
were on */;¢~'/s-in. plate. This shift to heavier material 
resulted in disappearance of burn-through and stabiliza- 
tion of are, and suchisucecessful welds as were made 
thereafter were with material */\¢ in. or thicker. 

There are two commercial processes for processing 
molybdenum metal. One fabricates from a pressed and 
sintered metal, the second from a cast metal. All 
molybdenum used in these tests was pressed and sin- 
tered material as manufactured by the Westinghouse 
Eleetrie Corp. 


Pre-Heat 


Tests 1-5 were made without any preheat of the 
molybdenum sheet. However, with the incidence of 
cracked beads it was apparent that severe stress would 
occur if molten molybdenum (2600° C.) were deposited 
on base metal at room temperature. A small, gas-air 
combustion chamber was then constructed and the 
plates were welded after preheating above the chamber. 
Most of the preheat temperatures were between 400 
and 1000° F. 


Test 98 were performed on plate that was both pre- 


The final series of actual welds following 


heated and postheated in a closed box, flushed by 
nitrogen, and all inclosed in a gas furnace 


Rate of Travel 


The first beads were made at 15-20 in. per minute. 
There are velocities that are used on comparable steel 
thicknesses. However, it was found that the base 
metal did not retain enough heat at these rates to alloy 
sufficiently with the weld metal 
gave better penetration and less stress cracking, par- 
ticularly on the thicker plate 


The slower speeds 


Accordingly, it will be 


Fig. 8 Test 82 (200 x) 


tre Welding Molybdenum 


4 
4q 
| 


Fig. 9 Test 89 (300 x) 


seen (Table 1) that more moderate speeds of 8-10 in. 
per minute were used on later tests. 


Current and Voltage 


The current determines the rate of melting of the fed 
filler rod. Thus an increase in current will increase 
the deposition of rod as a given rate of travel. It will 
also increase the heat in the weld area and will give 
greater penetration. On '/s-in. plate, currents con- 
sistently were less than 400 amp., while on heavier 
plate, most of the readings were over 400 amp. for 
comparable speeds. 

Direct-current reverse polarity was used throughout 
hased on the experience and recommendation of Kellogg 
Co. engineers although a. ¢. is slightly more popular 
industry-wide. 

The voltage exercises an effect on the bead width, a 
wider bead resulting from higher voltage. Uninten- 
tionally for the operator, the voltage may also vary 
the deposition of filler rod since the distance between 
the filler rod and the base metal is maintained constant, 
for a given preset voltage, by a special automatic con- 
trol which regulates the feed by translating any varia- 
tions in voltage across the welding zones with compen- 
satory Variations in the operation of the rod-feed motor. 
It was observed that, when a shift was made to thicker 
plate with consequent fewer burn-throughs, the voltage 
stabilized and much more uniform beads resulted. 


Surface Appearance 


One of the more discouraging features of these welds 
Was & poor surface appearance as compared to surfaces 
normally seen on steel welds. This appearance is 
illustrated on some of the photographs appended to this 
paper. 

This appearance improved considerably on the weld 
beads that contained 5-15°% alloying elements (Ni, 
Co or Fe). Part of this appearance in the 100° moly 
welds was attributed to the lack of plasticity in pure 
moly. One of the effects of the rough surface was the 
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entrapment of the flux slag, making its removal ex- 
tremely difficult. 

However, it was found that the surface appearance 
could not be surely correlated with weld porosity or 
stress cracks in the base metal, both of which could 
occasionally be found in microsections of welds having 
a satisfactory surface. 

Although the base metal adjacent to the weld was 
subjected to oxidizing temperatures, no detrimental 
oxidation was observed. 


Microsections 


Microsections were made of typical welds as the 
welding program proceeded. These sections served 
primarily to indicate the presence of cracks and porosity 
not evident on the surface. This was particularly true 
of inert-gas are welds. Photomicrographs were made 
on a Bausch & Lomb Metalloscope and the structure 
was brought out with an etch in a 50/50 solution of 
potassium ferricyanide and potassium hydroxide. 


DISCUSSION OF TYPICAL BEADS AND WELDS 


Figures 1-3 show most of the difficulties encountered 
in submerged are welding of molybdenum using straight 
moly filler wire and standard commercial fluxes, as- 
received. It should be emphasized that the large 
grains shown in the base plate on this and subsequent 
photographs are not common to prime molybdenum 
plate but are typical of the over-annealed secondary 
plate that was convenient for experimentation. Pene- 
tration and shape of bead are fair. Yet even this cross 
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section shows blow-holes, probably entrapped gases or 
flux constituents unable to escape to the surface due to 
the lack of melting range and plasticity in pure molten 
molybdenum. Figure 2, a longitudinal section of a 
similar weld, has a great number of these large blow- 
holes. Figure 3 shows in addition a multitude of 
smaller inclusions or pores whose exact history has not 
vet been determined. 

In addition, welds made under these conditions fre- 
quently had a lack of penetration, large dendritic grains 
in the weld-metal, considerable porosity and a tenacious 
adherence of flux to the surface of the weld. These 
welds might be improved by increasing the current 
significantly, but such an increase would introduce 
other problems in the moly wire feed which must carry 
this current. On the credit side, several welds were 
made (such as 8 and U,) which were of passable surface 
appearance and could serve as satisfactory joints where 
porosity and tensile strength were not critical. 

After more than a score of weld beads with molyb- 
denum only present, it was decided to try a moly bead 
on a mild-steel plate to observe the degree of wetting 
that should result from diffusion of dissimilar metals. 
This bead (Fig. 4) showed excellent penetration, density, 
a good surface appearance and ease of flux removal 
These improved qualities were attributed to the plastic 
range of the weld metal resulting from the solution of 
iron into molybdenum to form an iron-molybdenum 
alloy as in Fig. 5. At a later date, an iron weld bead 
was made on a molybdenum plate with similar results 
(Fig. 6) although the penetration and degree of alloying 
were less due to the higher conductivity and melting 
points of the molybdenum plate 

On the basis of this improvement through alloying, 
a series of test beads were prepared in which nickel, 
iron or cobalt, or a combination of these, was introduced 
into the melt either through adding the alloying metal 
as a pure powder form to the flux or by plating the 
alloying metal onto the consumable molybdenum elec- 
trode Both methods were found to work equally well 
to produce dense weld metal with better penetration, 
greater uniformity and fewer cracks than was expe- 
rienced with molybdenum alone. 

Consideration of the binary systems of metals in- 
volved indicates that these alloyed weld beads will be 
satisfactory for most high-temperature applications 
where molybdenum would be required. It is not as 
clear, however, whether the corrosion resistance of such 
deposits is comparable to pure molybdenum and tests 
are at present being made to obtain such data. Prior 
research* indicates that such alloys may have desirabl 
corrosion properties 

Figures 7 and 8 show the effect of the addition of such 
an alloying element, in this case nickel, to the weld 
bead through modification of the flux or welding rod 

Figure 8 is a low-power magnification of the weld 
bead of No. 7; 


penetration and shape 


of particular note is the good density, 


* Paper RP1834, Nationa 
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Figure 9 illustrates a microsection of a weld bead 


laid down with a plated moly rod. The alloy dilution 
is about half of that of Nos. 7 and 8 but here again is 
shown the good density and penetration of alloyed 
beads. 

Figures 10 and 11 illustrate cross sections of actual 
tee and butt welds made with plated moly rods in which 
the alloy in the weld is about 10°% by weight. These 
are typical of the welds that were made with proper 
care on test pieces up to 1 ft. long and * , in. thick. 


INERT-GAS ARC WELDING OF MOLYBDENUM 


Over the past two years, various tests have been 
made both by the writer and others in Bloomfield and 
by the Westinghouse Welding Research Department 
in East Pittsburgh to are welding molybdenum pieces 
together in an inert-gas atmosphere. In this process 
a nonconsumable tungsten rod serves as one of the elec- 
trodes, the work as the other electrode 

Butt, tee and overlap welds have been attempted 
with both an argon and a helium atmosphere using 
both a. c. and d. e. Such welds invariably show large 
grains, porosity and frequently have longitudinal weld 
cracks if the joint design is such as to introduce exces- 
sive cooling stresses or if the material being welded is 
thicker than '/, in. 
Is good but this is belied by a microsection 


On some, the surface appearance 
A typical 


microsection is shown on Fig. 12 and a typical macro- 


Fig. 11 Test S, (7 X) 
Fig. 12. Heliare weld (75 *) 
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Fig. 13 Heliare weld (3 


section on Fig. 13. The porosity can be greatly mini- 
mized by rewelding the joint although this will further 
recrystallize the adjacent base metal. 
Considerable success has been experienced, however, 
_in fabricating furnace muffles and similar closed boxes 
'with plate material '/, in. or lighter when using a lip, 
‘edge or corner construction as on Fig. 14. 
Attempts have been made to heliare “‘spot-weld’’ 
_'/s-in. molybdenum sheets with scant promise. 
Essentially the same may be said of atomic hydrogen 
welding as of inert gas welding. The results will vary 
_ some with the particular construction under considera- 
' tion since the heat generated in the atomic hydrogen 
process covers a wider area whereas the heat in the 
inert-gas arc-welding process is more concentrated. 
' Both processes are useful, however, where tack welds 
_ only are required, and a very considerable number ot 
molybdenum assemblies are in use which have been 
tack are welded and where these assemblies are sup- 
ported by other structural members such as molyb- 
denum furnace windings. 


MANUAL ARC WELDING 


During the course of our investigations at the 
Kellogg Co., several attempts were made to manually 
are weld molybdenum plates with a flux-coated molyb- 
denum rod. The fluxes were those commonly used on 
steel welding rods, removed by chemical solution and 
rebaked onto the moly. These welding trials were 
unsuccessful. 


Fig. 14 Heliarc welded furnace muffle 


The flux coatings (gaseous) did not protect the moly 
from oxidation either during transfer from the rod to 
the workpiece or on the workpiece. A great deal of 
spitting was observed with very slight transference of 
metal. Until a suitable flux is developed, this method 
must be abandoned. 

Several welds were tried with flux coated hastalloy 
and inconel welding rod on moly plate (see tests 87— 
88, Table 1). These showed longitudinal cracks al- 
though comparable in outward appearance to normal 
steel welds. Since there was no demand for such 
joints, this was not investigated further. 


SUMMARY 


1. For the bonding of pure molybdenum to itself, 
mechanical, brazing and resistance welding methods 
hold preferred positions. 

2. Where design or weight considerations render 
the above methods inadvisable, some promise is held 
for are welding, particularly submerged are welding. 
Present limitations of submerged are welding are 
development of a suitable flux, a better preheat and 
postheat cycle and applicability to material '/, in. or 
heavier only. Inert-gas are welding can be used on 
certain edge or tee welds with material substantially 
less than '/, in. thick. A further advantage of arc 
welding to be considered is its convenience for field as 
well as factory applications. Manual are welding is 
not held to offer any promise. 
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in 1940. 


ELDING METALLURGY—ron and Steel 


® The Society has revised the Welding Metallurgy book originally published 
The book has been brought up to date and a wealth of new material 


added. This book is being reproduced serially in The Welding Journal. 


Chapter 5 
THE STRUCTURE OF METALS 


Knowledge gained through studies of the structures of 
metals has been of notable help in the development of our 
modern metals and alloys. Yet metallography, the study 
of metals with a microscope, might be considered as being 
in its infancy. An even newer tool for studying the 
structure of metals is the X-ray diffraction camera. By 
examining metals through metallographic and radio- 
graphic means, we can predict many of the properties of 
a particular material from its structure; tensile strength, 
hardness and structural uniformity being typical ex 
amples. In welding it often becomes important to know 
the structural changes brought about by the localized 
heating and cooling. 


ATOMS 


Everything is composed of atoms. An atom consists 
of a nucleus and a number of orbital electrons. All elec- 
trons are alike, electrified particles of negative charge 
weighing 10-°7 grams (10-*7 = 0.00000000000000000 
0000000001 gram, that is, a thousandth of a quadrillionth 
of a quadrillionth of a gram; there are 454 grams in a 
pound). Electrons account for only a very small frac 
tion of the weight of an atom. The nucleus is made up 
of protons, particles of a positive charge weighing 1.00758 
< 10-** grams, and neutrons, which carry no electrical 
charge and weigh 1.00893 « 10°*4 grams. The greater 
part of the weight of the atom is, therefore, concentrated 
in the nucleus. Different types of atoms differ in the size 
of nucleus and in the number of orbital electrons. Ele 
ments can be listed in order of their atomic weight start 
ing first with hydrogen which has an atomic weight of 
1.0081, second would be helium with an atomic weight of 
4.003, and so on through lithium, beryllium, etc. The 
size or weight of an atom is a very important factor in 
metallurgy because it affects its behavior in metal crys 
tals. The number of electrons surrounding the atom nu 
cleus and their pattern is also important because this deter 
mines many of the physical properties and chemical char 
acteristics of the element. At present, we have recog 


nized 95 different types of atoms or elements, but now that 
man has learned to split atoms to release atomic energy 
and rearrange atom particles it appears that additional 
new elements will be created before long and added to the 
list 
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GASES AND LIQUIDS 


In the fluid condition, whether a gas or a liquid, two 
or more atoms frequently combine to form molecules 
The atoms or molecules move freely among themselves 
In a gas there is a lower limit to the closeness with which 
the atoms or molecules can be packed by low temperature 
or high pressure, but there is no upper limit. In a liquid, 
on the contrary, the atoms are practically the same dis 
tance center-to-center from each other as they are in 
solids. However, the atoms of a liquid may move freely 
among themselves and, as a result, the fluid is mobile and 
yields readily to the slightest pressure. 


CRYSTALS 


Since the atoms or molecules of a fluid move freely 
in all directions they possess very little ordered arrange- 
ment. In a crystal, atomic arrangement takes the place 
of disorder. A well-formed crystal possesses geometrical 
form; it is bounded by a number of plane surfaces, which 
are inclined to one another at characteristic angles. 
These planes are parallel to planes upon which the atoms 
are distributed throughout the crystal. 

The arrangement of planes in a crystal is called the 
space lattice, a two-dimensional simplification of which is 
shown in Fig. 20, which applies to a cubic crystal, shown 
at the right-hand side of the figure. The atoms are at 
the points of intersection of three planes; that is, at the 
intersection of two lines in the lattice shown on the left 
hand side of the figure. In addition to simple cubic crys- 
tals, there are body-centered cubic (having an extra atom 
located at the very center of the cube), face-centered 
cubic (having six extra atoms—one located in the center 
of each face), rhombic, hexagonal, and other types. 

The space-lattice arrangement of crystals is important 
for two reasons: (1) It shows that the properties of a 
crystal will be the same along the same type of a plane, 


but different along different types of ‘4 anes. For in 


stance, the resistance to corrosion \ vill be different if one 
cube face in Fig } 1S eEXPoOse d to the ce irroding 
(a) | (6) 


Fig, 20—Diagrammatic Sketch of a Crystal Space Lattice and « Simple 
rystal 
(a) (Left) Simple, two-dimensiona! example of « cube space lattice 
(b) (Right) Cubic crystal 
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medium than if the diagonal plane of the cube is exposed. 
(2) The electrical and magnetic forces which knit the 
atoms together tend to prevent movement. Hence, crys- 
tals are harder and less mobile than all other types of 
atomic aggregates. 

The shortest distance between atoms in metal crystals 
is measured by means of X-rays and varies with the com- 
position of the crystal and its temperature. The closest 
approach of atoms in most metal crystals is about 3 to 6 
xX 10°* cm. (about 0.00000002 inch). The closest ap- 

roach results from a balance of attractive and repulsive 
orces between the atoms. Beneath the surface of a crys- 
tal the field of force surrounding an atom is entirely in 
equilibrium with the neighboring atoms. 


Growth of Crystals 


An atom at the surface of a crystal is not surrounded on 
all sides by neighbors. It, therefore, possesses available 
energy which is directed outwardly from the surface of 
the crystal. The crystal thus possesses surface energy, 
by means of which it can attract other atoms to itself, and 
if the environment is suitable, it can grow. The surface 
energy, and therefore the capacity for growth, is different 
depending upon the type of plane that is exposed. The 
cube faces usually possess the greatest capacity for growth 
in cubic crystals. The polyhedral form of free crystals 
shows that they grow with different velocities in different 
directions ; otherwise they would be spherical. 

Crystals grow by addition of thin layers of atoms to 
their faces. The atoms for growth may come from 
metal vapor (gas), liquid metal, ionic solution (for ex- 
ample, electroplating), or solid metal (recrystallization ) 
Growth from liquid and solid metal is important in weld 
‘ing. Before discussing freezing and recrystallization, we 
will recall two facts about metal crystals : 


1. The space lattice or crystal structure of a metal 
‘depends upon the element or elements present and on 
temperature (pressure can be neglected for metals ani 
little is known about the effect of environment). Since 
the atoms in a crystal are held together by forces, it is easy 
to see that temperature, which affects the energy of the 
atoms, and the size of the nucleus and number of electrons 
in the atom are the two vital factors determining whether 
the atoms can be in equilibrium in a cubic arrangement or 
in a hexagonal or other arrangement. If two or more 
elements are present simultaneously in a crystal they may 
each exist as independent crystals; for example, crystals 
of nearly pure iron existing side by side with crystals of 
nearly pure copper in an iron-copper alloy. Under these 
circumstances we say that the two metals are practicall) 
insoluble (practically because our analytical technique is 
not sufficiently sensitive to prove complete insolubility o! 
any two substances). If, however, the mixture of tw: 
or more substances crystallizes to form but one type o! 
crystal, the elements involved are either in some sort of 
combination if the resulting crystal is different in type 
from the lattice of any of the elements involved, or are 
soluble in each other, if the resulting crystal is of the same 
type as one of the elements. Solubility can be complete 
or can be partial to any degree. An example of combina 
tion is iron and carbon, which combine to form iron car 
bide, a compound found in many steels. An example of 
a pair of elements which are soluble in each other is cop 
per and nickel. Practically complete insolubility is ex- 
emplified by solid iron and solid lead. 

2. The crystal structure of a metal determines its 
mechanical properties to a surprising extent. Body 
centered cubic crystals, Fig. 21(a), such as alpha iron 
and tungsten, are characterized by high yield strength and 
limited cold workability. Face-centered cubic metals, 


16 Henry, Claussen, Linnert 


Fig. 21()), such as copper, are characterized by lower 
yield strength but greater capacity for cold work, to 
mention but two of the properties affected by crystal 
structure. If we reflect on the difference in arrangement 


Fie: (Right) Pase-Contored Cubic Crystal” 
of planes in the different types of crystals and remember 
the deformation of metal crystals is allowed because slip- 
page occurs between the atomic planes that are farthest 
apart, we can easily understand the effect of crystal struc- 
ture on mechanical properties. 


How a Crystal Grows from the Melt 


We have seen that the atoms of a liquid metal move 
freely among themselves. When, as we cool the melt, it 
reaches the freezing point, some groups of atoms fit them- 
selves into the correct position to form a minute crystal! 
called a nucleus. Although we know the nuclei form at 
the onset of freezing, the manner in which the atoms of 
the nucleus come together is one of the unexplained occur- 
rences in nature. A split second before the nucleus 
forms, all of the atoms move freely among themselves. A 
split second afterward there is a bit of elastic solid in the 
melt. 

Once the nucleus has formed, the crystal grows by ad 
ditions of sheets of atoms on the growing planes. The 
type of planes upon which growth occurs depends a great 
deal on the rate of growth of the crystal. The rate at 
which metal crystals grow from the melt usually is pro 
portional to the rate at which heat is withdrawn. For a 
cubic crystal, such as iron, the crystal grows out into the 
melt in three directions at right angles, Fig. 22, corre 
sponding to the six faces of a cube. The resemblance of 
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Fig. 22—Dendritic Growth of Crystals 


crystal growth to a pine tree with its branches has give: 
rise to the term dendrite to a growing metal crystal. Un- 
like salt and other substances which often crystallize fron 
water solutions as compact, well-shaped crystals, metal 
crystals grown in the melt have a pine tree, dendritic ap- 
pearance. If the entire melt solidifies to form a singl: 
crystal, it will have the shape of the interior of the cruci- 
ble, and will occupy slightly less volume than the liquid 
Although the atoms of a crystal are slightly closer to- 
gether than in the melt (they are farther apart than the 
melt in bismuth), the crystal has practically no capacity 
for flow in the sense that a liquid has. 
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Examine a glass of cold soda water from which the car 
bon dioxide is being evolved as tiny bubbles as the liquid 
grows warmer. The bubbles form at the walls of the 
glass, from which they become detached by buoyant force 
and rise to the surface. The gas is evolved on the wall 
for two reasons: First, the glass, being in contact with the 
air, is warmer than the water. Second, there are minute 
peaks and valleys on the surface of the glass, which have 
high surface energy and therefore favor physical and 
chemical changes which require a little excess energy to 
set them off. 

There is a similar situation in the freezing of molten 
metal. The heat is abstracted from the crucible through 
the walls. Convection ordinarily maintains the surface 
of the melt at the highest temperature. Consequently, 
crystal nuclei first form at the walls and bottom of the 
crucible, ingot mold, or weld groove, Fig. 23 


Fig. 23—Stages of Freezing of Metal in a Mold 
»¢€ 3180 Fig. 119, in which, atthe left, crystals have formed atthe sides and bottom, «+ 
the right, these have grown into columner crystals 


When the crystals have grown to cover the mold wall, 
the remaining liquid is, in effect, contained in a mold con 
sisting of its own crystals. These crystals continue to 
grow into the melt until all the liquid is used up. The re 
sulting ingot is said to exhibit ingotism, and the crystals 
which have grown in one direction only from the wall are 
called columnar crystals, because they are long and thin 
Any shrinkage cavity is called a pipe. 

Since nuclei have formed at a number of points along 
the wall, the solid consists of a number of crystals and 
is known as a polycrystalline solid. Generally the main 
planes in any one crystal will be at an angle to the planes 
of adjacent crystals ; that is, the crystals of a polycrystal 
line solid have different orientations, Fig. 24, which is 
nearly always the case in cast, rolled, or welded steel 

The grains have irregular curved boundaries instead of 
straight boundaries with sharp corners, for the reason that 
numerous branches of a dendrite do not grow at equal 
rates. The ends of the branches of a given crystal there- 
fore reach the ends of the branches of other crystals at 
varying distances from the axis of the crystal, Fig. 25. 
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Fig. 24—The Individual Grains of a Metal Grow from Individual Nuclei 
and Dendrites 


Let us now analyze crystallization from the standpoint 
of heat. We know that when a substance freezes it 
evolves heat. Conversely a crystal absorbs heat when it 
melts. As soon as a crystal nucleus forms, it gives off 
heat, which tends to offset the temperature drop in its 
vicinity. The heat evolution tends to stop further growth 
of the crystal and to favor the formation of new nuclei, 
which explains the rarity of large single crystals of metal 


Fig. 25—Boundary Between Grains of Different Orientation 


The heat evolution also arrests the drop in temperature 
of the melt, which is in accordance with our knowledge 
that the freezing of a pure material occurs entirely at a 
single temperature, the melting point. When all the liquid 
has solidified, the temperature once again falls, Fig. 26 
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Fig. 26—During Cooling, the Temperature of a Pure Metal Remains 
Constant at the Melting Point Until All the Metal Has Frozen 


One phenomenon in crystallization that has practically 
io importance in welding is undercooling. If a metal 


cools without agitation, the temperature may drop many 


t 
degrees below the freezing point before crystallization 
occurs. Depending on the temperature, the melt may 
then crystallize from an extremely large number of nuclei, 
or if the temperature is sufficiently low it may not crys- 
tallize at all. The unusually “cold” liquid generally has 
extremely high viscosity and is called an amorphous (non- 
crystalline) solid. Borate fluxes and silicate welding 
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slags exhibit the tendency to undercool and become 
glasses. Liquid weld metal, on the other hand, never 
undercools to any extent because it is always in contact 
with metal crystals (base metal) of about the same com- 
position. However, it is true that if liquid metals are 
cooled very rapidly, more nuclei form and there are more 
grains in the solid, hence the crystals are smaller than 
with slow cooling. Coarse grains in steel weld metal are 
undesirable, because they have only a fraction of the notch 
impact value of fine grains of the same composition. 

It is a general rule, too, that the higher the temperature 
from which a liquid metal is cooling, the larger will be the 
size of the crystals in the ingot or weld. Overheating 
lowers the rate of cooling, which would tend to decrease 
the number of crystals, but overheating also may dissolve 
foreign particles, such as graphite in cast iron, which, if 
not dissolved, act as nuclei in the melt. Little is known 
about them, but if they exist in the melt, as they often do, 
nuclei form in advance of the growing columnar crystals. 
These new crystals grow in all directions, get in the way 
of, and stop the columnar crystals, and are called equiaxed 
crystals, because they grow the same amount along each 
axis: The solution of nuclei in melt depends on dura- 
tion of melting as well as temperature. That is, although 
more salt dissolves in hot water than in cold, more salt 

will dissolve in ten minutes than in ten seconds. The 
‘short time during which weld metal is molten may lend 
‘importance to the time factor. 


_Metallography—the Microscopic Study of Crystals 


In order to examine the structure of a weld under a 
‘Microscope, a sample must be cut from the weld and heat- 
iffected zone. The cut surface (usually not over an inch 
' square) is ground or filed flat as the first step in securing 
ja plane, polished surface, as scratch-free as possible 
' (complete details for metallographic polishing and etching 
hare given by ASTM E 3—-46T and by the 4SM Metals 
+ /landbook, 1948 Edition, pp. 159-162). 

The as-polished surface, when examined at a magni- 

fication of 100 or 500 diameters (100 or 500 ), is uni- 
‘formly reflecting and featureless unless there are cracks, 
- blowholes, or non-metallic slag inclusions in the specimen. 
' Polishing pits and scratches should not be confused with 

the structure of the specimen. Occasionally a harder 

metallic constituent will polish in relief and thus will be 
' visible in the unetched specimen. 

Etching is performed by dipping the polished surface 
in a suitable reagent, which for steel is 5 per cent nitric 
acid in alcohol (Nital), for example. Metals which are 
resistant to acid attack, like nickel or stainless steels, may 
he etched electrolytically by having the specimen serve as 
the anode in a small cell arrangement. The etching re- 
agent may do no more than reveal the grain size by attack- 
ing different grains to different extents. In this way one 
grain will reflect less light to the observer’s eve than a 
neighboring grain and will appear darker. The etchant 
also may bring out the grain boundaries, and may attack 
one constituent at a faster rate than another. For in 
stance, Nital dissolves ferrite in steel, but scarcely attacks 
iron carbide. Etching thus reveals grain size, and state 
of heat treatment and cold work, and distinguishes be 
tween different tvpes of crystals that may be present 


Grain Size 


When a liquid metal freezes, crystals usually grow from 
a large number of nuclei. Each crystal contains huge 
numbers of atoms rigidly held at fixed center-to-center 
distances. The many-sided crystals are heaped about, 
Fig. 27. The crystals may all have approximately the 
same size, or there may be a wide range of sizes. On the 
average, the crystals, or grains as they are generally called, 
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may be large or small. Both size and size distribution 
have an important effect on the properties of steel and 
other metals. Grain size is measured by microscopic ex- 
amination in the manner described in the preceding sec- 
tion, using a grain size eyepiece or a comparison chart 
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Fig. 27—Lack of Uniformity Among the Grains of a Metal (Richardson) 
The lower diagram is a view from above the heap of crystals after it hes been cut slong 
plane a-b-c-d and the upper half removed 


If we imagine that the dotted plane in Fig. 28 is the 
plane of the opaque metal specimen we are observing, we 
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SECTION OF CRYSTALS AANDB ON PLANE abed 


Fig. 28—The Structure Observed in the Microscope Is That of « Plane 
Cutting Grains at Random. (Richardson) 


see, not the three-dimensional crystals, but the two-dimen- 
sional pattern of the grain boundaries. The plane we are 
examining may cut one grain through the middle, which 
will give the impression of a large grain, whereas another 
grain will be cut through one corner, which will give the 
impression of a small grain. In our specimen, we see, 
therefore, not the largest cross section of every grain, but 
some intermediate cross section, whose area, averaged 
over all the grains we see, is only a fraction of the maxi- 
mum cross section of the grains. The observed average 
area is the best we can do and we, therefore, call it the 
grain cross section. The observed average area is then 
converted into grain size in terms of numbers of grains 
per square inch. In steel the average grain diameter may 
be in the neighborhood of 0.001 inch, and the grain size 
will be about 1,000,000 grains per square inch. 

It is the custom to quote grain size as the number of 
grains in a square inch of specimen magnified 100 di- 
ameters. On the basis of 100, 1,000,000 grains per 
square inch of specimen would become 100 grains per 
square inch of micrograph. A detailed description of the 
technique for rating grain size in metals may be found in 
ASTM Specification E 19-46. 
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How Grains Grow from Other Grains 


If grains could not grow from other grains, annealing 
would have not nearly its huge effect in softening a metal, 
and welded steel would have not nearly its characteristic 
ductility. The grains of a pure solid metal may change 
over to another set under two conditions : 

Grain Growth—Permanently distorted crystals or 
grains, upon their temperature being raised, recrystallize 
to undistorted equiaxed grains. The recrystallization 
temperature is the temperature at which distorted grains 
are replaced by equiaxed grains. The greater the degree 
of deformation, called cold work, such as by hammering 
at room temperature, the lower the recrystallization tem 
perature. If the crystals or grains are distorted above 
their recrystallization temperature, they recrystallize at 
once. This kind of deformation is defined as hot work, 
as when steel is forged at a red heat 

Transformation—One type of crystalline structure, for 
example, cubic, may change to another type, say, hex 
agonal. A change of this sort, called a transition o1 
transformation, occurs in a pure metal at a single tem 
perature, the transformation point, in the same way 
that the change from liquid to crystalline solids occurs at 
a single temperature, the freezing point. At the trans 
formation temperature we have, instead of nuclei forming 
in a melt, nuclei forming in a solid crystal. There are no 
crucible walls, but the original crystals have edges and 
corners that can supply the energy to set off the formation 
of new crystals. Hence, the nuclei usually form at the 
edges of the original crystals, called the grain boundaries 
During cooling, the numerous new equiaxed grains grow 
until all the old grains have been absorbed, before the 
temperature falls once again. A similar process is re- 
peated on heating but transformations usually are slower 
than freezing or melting because crystals are more rigid 
than liquid. If there are foreign particles in the pure 
metal, such as alumina in steel, they also may act as nuclei 
during a transformation. Undercooling, while more ac- 
centuated in a transformation than freezing, also leads 
to more complex situations than with freezing. In the 
absence of undercooling, the change in temperature dur 
ing cooling through a transformation, has the same ap 
pearance as a cooling curve plotted during the freezing of 
the metal. 

We will find that, if impurities or alloying elements are 
added to a metal, they affect the cooling curves during 
melting and freezing in ways that obey the same laws as 
the effects of these elements on any transformations that 
may occur. Transformations, as a matter of fact, are 
the exception rather than the rule. Nickel, copper, zinc, 
tungsten, and lead, for example, have no transformations 
Iron, tin, and cobalt do, and a transformation at 1670 
F, accounts for a great deal of the usefulness of iron. 

Recrystallization, obviously, is different from transition 
or transformation. Recrystallization. can occur onl) 
when cold-worked metal is heated to the recrystallization 
temperature. Transformations, on the contrary, occur 
every time a metal is heated or cooled through the trans 
formation temperature. The product of recrystallization 
is a crystal of the same type as the original undistorted 
crystal. On the other hand, the type of crystal changes 
as a result of a transformation. Both transformation and 
recrystallization, however, have two elements in common 
(1) The nuclei are extremely small, and (2) the trans 
formation and recrystallization may be so controlled that 
the final grain size is finer than the original grain size 


Critical Points 


In discussing transformations, we found that while 
cooling, heat is evolved during the transition of one type 
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of crystalline structure to another. The metal also ex- 
pands, at least in the case of iron at the 1670° F transi- 
tion. On these two facts are based our methods of study- 
ing and controlling transformations, namely : thermal and 
dilatometric analysis. By thermal analysis, that is, by 
measuring the temperature of the metal during the pas- 
sage of time, we determine evolutions of heat and are able 
to match them with transformations. Similarly, by ob- 
serving any sudden change in length of our specimen dur- 
ng heating or cooling, we can also determine the tempera- 
ture at which the transformation occurs. Transforma- 
tion points, which we ascertain from (@) interruptions in 
the normal uniform rate of heating and cooling, or from 
(b) sudden changes in expansion or contraction of a 
specimen, are known as critical points. 


Critical Points in Iron 


We briefly mentioned that iron is an exceptional metal 
inasmuch as it undergoes structural transitions (displays 
critical points) upon heating and cooling. The remark- 
able behavior of iron on heating and cooling is pictured 
schematically in the “thermometer” shown in Fig. 29. A 
more detailed account of iron’s behavior on heating 
follows : 

At Room Temperature—lIron consists of body-centered 
cubic crystals, is ferromagnetic, and is called alpha iron. 

At 1420° F—Loss of magnetism in alpha iron. For 
some time the non-magnetic body-centered cubic iron in 
the temperature range of 1420° to 1670° F was called 
beta iron; however, we do not now recognize this as a 
critical point because the loss of magnetism takes place 
over a very narrow range of temperatures and is not 
associated with a crystallographic transition. 

At 1670° F—A transition from alpha iron (body- 
centered cubic crystals) to gamma iron (favce-centered 
cubic crystals). 


2795°F (Vy -- LIQUIDUS & SOLIDUS 
DELTA IRON (BODY CENTERED CUBIC) 
2535°F 


IRON CFACE CENTERED CuBIC) 


1670°F 


1420°F MAGNETIC CHANGE (CURIE) POINT 


>? ALPHA IRON (BODY CENTERED CUBIC) 


Fig. 29—Schematic ‘‘Thermometer’’ Illustrating the Behavior of Iron 
Upon Heating or Cooling 


At 2535° F—A transition from gamma iron (face- 
centered cubic crystals) to delta iron (body-centered 
cubic crystals). 

At 2795° F—-Melting point. Disorder takes the place 
of atomic arrangement 

On cooling, these changes occur in the reverse order 
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The dies shown below are typical examples of the 
use of E Cu ALE electrodes for inlaying draw edges. 
These electrodes are often used to build up worn die 
surfaces as well as the fabrication of new draw dies. 

The specific dies shown were undercut for a finish 
machined build-up of */i in. using °/s in. diameter 
Ampco-Trode 300 electrodes on reverse polarity, direct 
current. After welding, the surface was machined to 
the finished dimensions. 

Ampco Metal (aluminum bronze) dies and Ampco- 
Trode composite dies are used extensively in the draw- 
ing and forming of stainless and low-carbon steels be- 
cause they do not have the tendency to seize or gall 
thereby saving finishing time on the product, reducing 
scrap and increasing the service life of the dies. 

These advantages are secured through the use of 
Ampco dies due to a combination of desirable properties 
which include high hardness, excellent wear resistance, 
unusual antifriction characteristics and resistance to 
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Inlaid dies: as-welded 


The average deposit hardness 
300 Brinell measured 


high compressive loads. 
of Ampco-Trode 300 deposit is 
with a 3000 kg. load. 

Data and photo courtesy 
waukee, Wis. 


Ampco Metal, Ine., Mil- 
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Removing Buttonhead Rivets 


by M. J. Harris 


T IS easy to remove buttonhead rivets with your 
standard cutting blowpipe and nozzle. Use the 
nozzle size recommended by the manufacturer for 
cutting steel 1 in. thick. Adjust the preheat flame 

in the usual manner. With the cutting oxvgen off, pre- 
heat the top of the button for a little less than a min- 


ute. Then hold the nozzle parallel to the sheet or plate 
and slowly press down the cutting-oxygen lever. See 


Fig. 1. 


M. J. Harris ix Process Service 
Buffalo, N.Y 


Preheating 
flames 


Figure l 


Cutting oxygen 


Cut a slot in the rivet head from the top of the but- 
ton to the underside of the head. This should look like 
the screwdriver slot in a roundhead screw. By the time 
this slot is cut, the entire head will be preheated to the 
proper temperature. As the cut nears the plate, draw 
the nozzle back about 1' > in. from the rivet. See Fig. 2. 

The oxygen stream will then spread out slightly and 
will not cut through the layer of scale on the plate. 
Swing the nozzle in a small are as the cut comes close 
to the plate. This slices off half of the rivet head. See 
Fig. 3. 

Start at the original slot and swing the nozzle in the 
opposite direction to cut off the other half of the rivet 
head. The head is now cut off flush to the plate and you 
should be able to knock out the rivet with a few taps of 
vour hammer. See Fig. 4 


cutting 


Figure 3 


Cutting oxygen 


Figure 2 
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More Jobs Repaired by Bronze Welding 


The flange is being bronze welded to the pipe section in this illustration 


» Use this fast, economical repair method to get castings back on the job 


by W. M. White 


In most cases the part was repaired and put back 
on the job in a few hours. New parts would have 


: I: are some typical bronze-welded repair jobs. 


cost several times more than the repair costs. 
W. M. White is Process Service Representative, The Linde Air Products 
Co., Chieago, Ill 


Fig.2 When'/,to2in. of these cast-iron impeller blades 
wore away, they were rebuilt with bronze rod and put back 
to work 


For large or small jobs, bronze welding is fast because 
you need little or no preheat. Often you can make the 
repair without dismantling the machine. Bronze- 
welded repairs, done under proper procedures, are as 
strong as the original part. For the best results use a 
good welding rod and flux. The rod should tin easily 
and solidify quickly. Bronze welding is also called 
braze welding. 


Fig. 3 Here is a cast-iron part that was repaired in 15 to 
20 min. by bronze welding. It required only one standard 
length of welding rod 


a 
— 
4 
4 
€. 


| 
* 
= 
: Fig. 4 This welding operator is repairing the base of a do- ~ = Stel 
mestic hot water heater that had broken into eight pieces 2 
TA a : 3 = 
ee) Fig. 5 This large rock-crusher casting was bronze welded by Fig. 7 Rebuilding these gear teeth saved 6 mo. time. © 4 
# § two operators. They deposited 103 lb. of bronse-welding rod Forty-five teeth in each half of the gear were rebuilt with © © 
Fig. 6 When the bolt holes in this truck wheel were stripped, 8 Fy da maged flange on this 
they were filled with bronse-welding rod, then drilled and re- replaced by a new one ¢ ut from steel plate. 1e new sec- 
- ’ tapped tion was bronze welded in a few minutes 


Welding High-Carbon Steel 


® Manual hidden arc welding adapted to small, heavy 
nonuniform parts of high-carbon low-tensile steel 


by Mark W. Sterner 


DAPTATION of the manual hidden are-welding 
process to fabrication of certain small, nonuniform, 
high-carbon steel parts of the Moore Jackknife 
Cantilever Masts is effecting numerous production 

economies in the Lee C. Moore Corp. plant in Pitts- 
burgh, Pa. 

The manufacturer is currently using Lincoln Electrie’s 
: “Manual Lincolnweld” equipment for fabricating the 
derrick’s “feet” (Fig. 1); a unique sprocket arrange- 
ment (Fig. 2); and the adapters (Fig. 3). 

In each of these operations, the time consumed in 
making these weldments has been reduced from one- 
sixth to one-fourth of that required under good hand- 
welding procedure. In addition, the, quality of the 
welds now produced is proving far superior to most 
hand-weld deposits, especially where high-carbon, low- 
alloy and high-tensile steels are used. 

The feet, which connect the tower to the base and 
serve as the revolving and anchoring agent during 


Mark W. Sterner ix Asst. Plant Supt., Lee C. Moore Corp., Neville Island 
Pittsburgh, Pa 


hig. |) This view shows a large weld being completed in 

the “foot” of a derrick, a part which serves as the sole 
connecting link between the base and the tower 

Most of the «train is on this part during erection, which ix completed 


in 2 min. The single pass weld in the © .-in. «teck is made with #75 
amp. at aspeed of in. per minute 
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erection of the derrick, are fabricated from °/s-in. 
stock. The side pieces are scarfed by hand with a gas 
torch to a depth of approximately */, in., producing a 
somewhat rough fit-up by eliminating reinforcement. 
The hidden are process is then brought into use to 
produce in a single pass the relatively heavy weld 
needed (Fig. 1). The work is rotated on a positioner 
but does not have to be accurately located on the face 
plate of the positioner. The operator can use the 
variable speed of the positioner or his own relative 
motion to compensate for any lack of uniformity in the 
joint. A speed of from 10-12 in. per minute is attained 
in this operation with an amperage ranging from 450 
to 475 amp. 

The unique sprocket shown in Fig. 2 is another un- 
usual application of the process. The small assembly 
for the center sprocket is made with a 100°; penetration 
joint between the two rings and the tubular piece. 
The welds are solid, free from all holes and cracks and 
the sprocket teeth are cut almost into the weld. The 
small assembly is positioned in a hole in the large 
sprocket and welded with fillet welds on both sides of 
the plate. Welds are normalized prior to machining. 


Fig.2) unique welded sprocket 


Teeth in small «sprocket in center are cut almost into the L0O% weld. 
joining the ring to the tube 
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Fig. 3 These adapters connect shafts of the derrick at 90° 
to each other 


The present welding method used on this operation 
completes the job in about one-fourth of the time re- 
quired by regular hand-welding methods. It affords 
better appearance, much greater serviceability and is 
far more uniform than hand methods provide. Welding 
the sprocket is many times cheaper than producing it 
from forged blanks 

The adapters shown in the foreground of Fig. 3 are 
used to connect shafts of the derrick at 90° to each 
other. They are bent up from one piece with a '/2 
in. filler plate in the fold which is then solidly welded. 
The deadeyve in the center of the photo is made with 
both butt and fillet welds of deep penetration and the 
eye-bolts are fabricated from high-carbon round bar 
welded to eyes which are flame cut from plate 

Welds, made with this process in the fabrication of 
these vital parts, are free from slag and oxides. They 
are also hydrogen-free, providing high ductility and 
strength. Working conditions for the operator are 
substantially improved, also 


Welding Heavy Castings Restores Power Truck 


® Damaged by 150% overload 


by pS A. Draxler lov-steel castings, 13 in. wide, 3'/2 in an over-all length of 8 ft Assembled in 

thick, weigh 1750 lb. each. Their broad- the truck, the horizontal portions of the 

sides are formed at right angles midway in irms are in the main supports for the plat- 

OW welding saves time and money in 

il repairing equipment and in keeping 

it on production work is illustrated 

by the following incident which occurred 

recently in an automobile body stamping 
plant 

With operations on full schedules day 

ind night some machines often are over- 

loaded; rated capacity figures are disre- 

garded as long as they continue to operate 

So it was with an Elwell-Parker electric 

power-truck die-handler in this plant 

Built in 1935 the truck's rated « pacity 

was 50,000 Ib As autobody production 


was stepped up the truck was used regu 
larly for 80,000 to 100,000-lb. loads 

At intervals the truck was used to trans- 
port 120,000-Ib. loads on its platform in 
lowered, stationary position. Therefore, 
in an emergency it was assumed it could 

rry 125,000 Ib., or a 150°, overload 

This, too, it might have done if it had 
not been the victim of a freak accident in 
which both its arms which support its 
platform were broken off at their elbows 


The arms are chrome molybdenum al 


J. A. Draxler is Service Manager Elwell a 
er Electric Co., Cleveland, OF Figure 1 
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form, one under each side. The perpen- 
dicular lengths are attached to the elevator 
mechanism in the truck’s upright columns. 

Each of the arms broke off cleanly, clear 
through in about the same diagonal line 
across the elbow. There was no flaw in 
the castings or material; they had simply 
reached the limit of overstress. 

The autobody plant had a number of 
trucks in service, but with production 
paramount this particular unit had to be 
back on the job in least possible time. 

To make new castings corresponding to 
this 1935 model and to rebuild the plat- 
form would have taken 3 to 4 months. 
The cost was estimated at $3000. The 
time factor alone ruled this out. 

Welding was the only alternative, and 
the truck was rushed to the maker’s fac- 
tory. Here welding practice and technique 
of the highest order play an important part 
in new truck construction. A plan was 
devised whereby the arms could be welded 
for strength and in positive alignment for 

‘functional operation. 
First, certain retaining and connecting 
‘plates which had been broken were re- 
placed and clamps and bracing also were 
used so that the entire platform assembly 
_ was held firmly together. Lower connect- 
ing pins were released permitting the plat- 
form to be swung out and away from the 
truck’s upright columns. This brought the 
' elbows about 3 ft. above floor level and 
| free from all obstructions to welding 


Next the edges of the fractures were 
beveled down to 45° angles to make two 
opposing V's, with their points '/s in. 
apart. Welding rods of the following com- 
position were used: Carbon 0.30-0.40; 
Manganese 1.0-1.25; Molybdenum 0.30- 
0.40. 

As alignment was essential for subse- 
quent operation of the elevating mech- 
anism the welding was done carefully to 
distribute heat and metal. Two welders 
were employed, one operating on each side 
of an arm. Two beads were welded along 
one side of the open V-shaped cut, then 
two along the other, each welder operating 
alternately, so that there could be no 
severe drop in temperatures to cause warp- 
age in the finished work. 

Forty pounds of metal was deposited in 
welding each fracture. Maximum thick- 
ness of the welded area was 4 in. Outer 
surfaces were rounded off as smoothly as 
possible in the welding operation, but they 
were not ground down. 

This method proved entirely successful 
as demonstrated by a series of loading and 
operational tests at the factory. The 
welds are believed to be fully as resistant 
to overload and shock as the original cast- 
ings. Practical use will prove this, as the 
truck is back in the autobody plant, again 
handling overloads. 

Time out of service was one week, and 
the cost of the repair job, including re- 
placement of broken angle plates was 
approximately $800. That is about one- 


fourth the cost and one-twelfth the time 
that would have been required if new parts 
had been ordered. 


The “last straw” that broke the truck’s 
arm was a stamping press which weighs 
250,000 Ib. The press had to be moved 
Neither the truck nor an overhead crane 
was considered equal to the job, but it was 
decided to use them both, each sharing 
half the load. 


The truck’s platform was let down to 
its lowest point. The crane with cable 
lifted one end of the press. The truck 
moved up and that end of the press was 
lowered onto the outer end of the truck’s 
platform. The idea was that the truck 
was to serve mainly as wheels for one end 
of the press, while the crane was to lift and 
maneuver the other end. When the crane 
attempted to lift its end of the press some 
part of its mechanism failed to function. 
The press dropped, with a severe jolt for 
the truck which then was bearing the 
greater part of the load. This heavy jolt 
on the outer end of the platform caused the 
arms to snap. However, the truck axle 
under the platform showed no distortion 

This illustrates the use and abuse to 
which power trucks often are subjected 
and no reflection on users, because circum- 
stances often require the extra strength 
the machines possess for various handling 
and maneuvering operations. It is evi- 
dence of confidence placed in them after 


many vears of service 


‘Powder-Cutting 


) OW DER-cutting solved a difficult problem in re- 
finery construction at a midwest refinery. The 
inner chamber of a large catalyst tower, erected 
some 5 stories high, proved to be 3'/¢ in. too long. 


‘It was made of 12% chrome steel, 1 in. thick. 


As well 


as shortening the column, it was also necessary to cut 
8 circles in the inner chamber to allow heat to pass into 
the outer chamber while the entire tower was stress re- 
lieved in position. The holes were welded back after 
treatment 

By use of powder-cutting, the job was done in only 
two days. In all, some 70 ft. of chrome steel were cut. 
Powder-cutting was the painless solution to an aggra- 
vating problem. 

In the illustration, the operator is using a cutting 
blowpipe with powder-cutting attachments to make the 
circumferential cut. One of the 8 holes cut for the 
stress-relieving operation is visible. 

This powder-cutting process provides an easy 
method to cut material, such as stainless or high-alloy 
steels, oxidation resistant to the normal oxyacetylene 
flame. An iron-rich powder is blown into the oxygen 


Data and photo, courtesy of The Linde Air Products Co., New York, N.Y 
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stream from outside the preheat flame. This powder 
is heated to ignition temperature by the oxyacetylene 
preheat flame. The ignition of the powder creates 
a high-temperature reaction. As the cutting proceeds, 
a combined melting and fluxing action continuously re- 
moves any refractory oxides formed 
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WELDING 


activities - related events 


President George N. Sieger’s Address to the 


Members 


of the American W elding 


Society—Annual Meeting 1949 


The a | reports of our various 
officers and chairmen of our Standing 
Committees will show that our Socrery 
has pre rressed measurably during the past 
vear (actually ui ~eleven-month fiscal 
period) in the or f increased and im- 
proved services of a nature requested by 
our Section Officers as representing our 
Membership gut financially we have 
suffered in comparable order to many 
other societies, and industrial organiza 
tions as well, whose income has been les- 
than their expenditures 

Asa result of concerted and timely effort 
by a number of sections, too few bv far 
ind constant promotion by our National 
Membership Cor i is well as Head 
quarter s activity I ming new sections 
and section divisior " been suc 
cesstul in near 
total membership 1 
not realized the anticipated substantia 
ber umbers nor the added 
volume our 
ING JOURNAL, both of which were required 


gains in mem 


for balancing our 1048-49 budget —a bud 
+ comprehending expenditures necessat 
providing iforementioned service 
We hay ‘ the Section Officers 
in the opin it both new and improved 
existing S¢ s were mandatory There- 
fore tintes ve |} ded to: restvle 
ind nur G JOURNAI put 
vided nd pense in the improve 
ment our | Handbook, Third 


Edition, 1 ent ead or distnbutior 


purposes, the 
our Soctt 
upport our 
and finan 


took 


eh would 


Veta 
icceptable to the 
ind metallurgist 
ntinue ou IZressive 
ler of nationa 
ition as well as the 


titution of new Sec 


Section has given 


tions and 


1 section-divisions i areas not vear our Detroit A.W 
proof that this belief had merit. Early in 


previously or presently so served and 
many less discernible but very important this past vear our Soctery clarified the 
ind effective services in the manner of im- status of the plan, provided application 
forms, Membership forms which have simplified the registra- 


oved application 
tion of this type of group membership and 


ind Section Officer services, etc 
We plan to continue with this pattern gave full support to the project \s a re- 
ll further improve in a manner pos- sult we now experiencing a steady in- 
with the support ‘ t numbers of our Supporting 


receive from our Membership and our Companies in those Sections which have 


ind commensurate 


Sections. It is unfortunate that concur wholehearted!y vtten behind industrial 


devoted to such improve group membership enrollment. I strongly 
! it an 1 with the necessary urge all of our Sections Officers to carefully 
1dded ex for such activity, industry study this group plat If they will avail 
Ives of t nee provided by 


found itself faced with the necess themsel ve 


trenchment Directly t t the proper us ! l ion of our new 
trenchment has resulted in reduction executive bro me! wn Weld 
publeatior vdvertising oratoriim on Ing Society na tl and 


it 1 but noticeabl then promp 


promotional per- 
duetion in production management sonal mtrodu 


i Supporting 
ind constriction of expenditure Compat Membership Enrollment Plan” 


personne 
to industria izations in ther Sec 
na they succeed in 


tion's 
our 
ership and 

support 
ited, with 
situation as we of our 
1 of indus JOURNAL 
te ley ment contamimng ar 


w-to-do 


both bring our of KO oO 10 
derstand 

und 

ecupational 

on 

ison 

publi 

yution of 

yoperat- 

Jour 

und Pulb 


vere ople 


our Socrery ovide sponsorship and ana 


ive full support t upporting company haracter ource 


of sucht supplied tor industry 


nembership enrollment 1, both our 
membership nd industrial recognition Qur Editoria 1 do not yrite the 
vould be greatly improved I am very JOURNAI RNAL is, by 


happy to report to you that during this nature of of the opinions, 
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ecreased income to our 
q 
he past ven 
a 
ind it and, following the 
a tr constricting our 
ties in manner that wi 
= operating costs within our of 
ome and still allow fo 
Mlembership and Sectio 
t he greater numls oO 
essential to their well bei 
2 extend our Educational activities as fast Finance Committee ha , 
is We personne! willing and witl our National Board of 
time te sume the obligation design pproved a 1049-50 oper 
§ and pr e a brochure r telling indus igned for accomplishing ; 
: trial « itives the yp During the coming vear tl 
und the objectives nd e-examined quarterly and pro j ‘ ithe new 
why industry shou i- djustments up rd will be allowed if in lepartment that s« if i embet , 
ties orally, physi \ proving econon conditions allow, ot hip have read ane mented q 
% redesign and produce a Year Hind necessary adjustments downward will be ip The | Welder and De 
new Membership D tory whi fected should such be indicated as neces W, partment to be 
bette e our Section Managements Value ou ip p member 
needs; produce issue ind For a number of vears have believed shir N eceasal ist consist of ar- 
revised educational with one of our largest Sections, that [= 
book rewritten in as 
shopman, the engit 
not ar ens 
Sector tivit 
officer and staff isit 


the experience and the findings of industry 


CAN YOU HEAT A HIGH PRESSURE, and our membership. It is your “voice. 


We depend upon you for these articles and 


WELDED PIPE JOINT TO 1700° & 30 I urge your continued and increasing con- 

’ tributions so that, as a whole, our welding 

FEET UP IN THE AIR? industry may be benefited by the experi- 
ence of each of its membership 

I was greatly gratified at our last 


The Smith Dolan System can EASILY National Board of Directors Meeting to be 


able to present to your Board Members 


handle this problem of Preheating Stress for their review and approval, submission~ 


by our National Educational Committee 


Relieving and Normalizing to 1700° F on the “Definition of a Welding Engineer’ 


iD alll and “Definition of Welding Engineering 
se “% 2 rbon nd H less eels With greatest pleasure I announce to you 
on Ca a Stain St ! that your National Directors unanimously 
approved the Nationa] Educational Com- 
mittee’s definitions. Our Socirry, by this 
action, registered its position. We are now 
able to approach engineering colleges, stat« 
licensing boards, governmental depart- 
ments and industry in promotion of that 
objective necessary to the firm establish- 
ment of the recognized status of a welding 
engineer and welding engineering I 
personally feel that this is an epic move by 
our Socrety; one that will result in in- 
1. SAFE TO USE Smith Dolan Heating Apparatus is so simple creased strength and unity of objectives 
to handle that it can be operated by job Early this year our National Educational! 
EASILY APPLIED personnel. Because it delivers consistently Committee cleared the path for institution 
‘ ASSURED RESULTS — — — safe conditions, it of « vocational educational project. An 

you minimum job cost. . , 


experimental Vocational Educational! 


’ Committee was established in the Detroit 

It is no problem to achieve thorough heat- ‘a a. 
THOROUGH ing of heavy sections with precise control A.W.S. Section with approved scope ol 
PENETRATION in minimum time. secking the proper and adequate pattern 


in which our Society can effectively 
participate in vocational activity for the 
MEETS METAL- Proper heating is delivered according to education of youth in welding and in 
LURGICAL & CODE set specifications and requirements of preparation for continuation in welding 
REQUIREMENTS Boiler and Piping codes. engineering As I have advocated for 


many years, our Sociery’s interested and 


Smith Dolan Inductioa Heating Apparatus active nta 

is designed and engineered with automatic programs, it follows that I am greatly en- 
LABORATORY or semi-automatic controls. Therefore, you couraged to know that we are now acting 
CONTROL UNDER obtain accurate, consistent results — in these directions 

field conditions, with a permanent recor This time last year | looked forward to a 
FIELD CONDITIONS of each job always available. 


President. Unfortunately that anticipa- 
NEW MODEL U-P ~~ Patented Smith- tion was not to be gratified. Soon after 
Dolan System, portable, tow frequency in- my assumption of the signal honor you 
duction heater, three-high stack (shown) 30 bestowed upon me, the Presidency of the 
kva—10 kva per unit. Buy one or stack 2 or American We.pinc Soctery.' I was 
3 for increased capacity. Buy what you need stricken with illness And from. January 
—build as you go. : first of this vear until but very recently I 


have been seeking and am happy to report 
INDUCTION ‘5 £22 ; that I have at last found, recovery. I am 
: | indebted to many for their assumption of 

CONTROL CABINET | h most of my obligations. I am indebted to 

| them for having helped to make my re 

and Mode uplex or vo 

induction heaters (shown in cata- | 

log). 


Boiler down-comer partially wrapped for stress relieving 


I gratefully express my deep apprecia- 
tion to our incoming President, O. B. J 
Fraser. During my term as President and 
his as First Vice-President, he has, in the 
capacity of Acting-President, relieved me 
ELECTRIC ARC «can supply equipment for ANY TYPE OF JOB— of all strenous duties. He has consulted 
equipment that can be purchased outright or rented. From what other with me throughout upon vital matters it 
source could you possibly obtain such wide latitude in planning for policy and management and has gone out 
every job in preheating and stress relieving before welding and normal- of his way to make my task an easy one 
izing? Today, more than ever, Electric Arc equipment is specified where Our Soctery is indebted to him for the 


other methods are too costly or impractical. Write for informative time taken from his regular activities, and 
I bespeak for him as President the fullest 


catalog. support of our Sectional and Nations 
Officers and our Membership. I am 
greatly indebted also to H. W. Pierce, in 


ELECTRIC-ARC, INC. i ‘ coming First Vice-President, R. 8. Donald 


161 JELLIFF AVE., NEWARK 8, 


Welding Equipment, Electrodes & Supplies tional responsibilities because of my ill 


ness I am deeply ippreciative to all of 
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them for their kind assistance and for their 
solicitous expressions for my rapid re 
covery during the past vear 

As your retiring President I wish all of 
our Members continued success and our 
SocreTy increasing strength and growth 
for accomplishing all those things that 
must be done for the benefit of our mem- 
bership and our industry 


Welding Society Members 
at the Fruehauf Trailer 
Company Plant 


Among the more interesting adventures 
during the recent Cleveland convention 
of the AMERICAN WELDING Socrery was a 
trip through the Fruehauf Trailer Co.'s 
plant at Avon Lake, Ohio. In Fig. 1, 
members are watching one of the interest- 
ing operations as a special machine 
accomplished 28 welds on a side panel for a 
corrugated trailer van. In Fig. 2 members wheels on the underside. In Fig. 3 mem- the final operation on the line. The cover 
are watching one of the early assembly line bers are examining two of the new corru- picture shows the spider construction on 
operations, the fitting of the tandem gated units fresh from the paint shop in the 32 ft. huge frame 
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FOR HARDFACING AND REPAIR 


SIX MONTHS sery ice instead of only four days 


1500°° increase! That’s what hardfacing with 


Amsco Tube Tungsite did for sand muller plows in 


a California foundry. The saving in replacement 


parts and labor alone was 
on parts exposed to heavy 
abrasion are possible us- 
ing Amsco Tube Tungsite 
and. other tungsten car- 
hide welding products... 
Tungrod and Tungsite In- 
serts. Tube Tungsite rods 
and electrodes have car- 
hide particles plus flux, 
encased in a steel tube. 
A full range of carbide 
mesh sizes are available. 
Recommended for pul- 
verizer hammers, rotary 
drill bits, knives and sim- 
ilar applications. Write 


for information. 


! Similar 


savings 


reprint of Hardsurfacing 
by Fusion Welding 


anew edition 


Welding 
Metallurgy 


First published in 1910, 
this book has had several 
printings and has been 
distributed all over the 
world. To bring up to 
date, Mr. G. E. 


has prepared an extensive 


Linnert 


revision so that the new 
edition has 505 pages 
150 pages more than the 
first edition. 
illustrations have been 
added to bring the total 
to 203. 


Many new 


Material has been 
added to cover the new 
processes such as inert gas 
metal-are welding: mate- 
rial has been added to 
provide greater coverage 
of the stainless steels. 


A list of books is given 
at the end of each chapter 
for those 
terested in the 
covered by that chapter. 


especially in- 


subject 


Questions for school use 
are grouped together at 
the end of the book: they 
can be used for home 
study as well. 


$2.50 per copy. Order 
through American Weld- 


ing Society, 33 West 39 
Street, New York 18. 
N.Y. 


AMERICAN MANGANESE STEEL DIVISION 
Y 399 EAST [4th STREET + CHICAGO WEIGHTS, ILL. 


Foundries at Che New Castle, Del, Denver, Colo. ali Angeles, Cali 
(thoes in principal mol Steel Lid. Niagara Polls, Ont 


» Made and sold im Canada by Canadian Ramapo 
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“WELD 
SECURELY" 


Do YOU Specify your welding 
requirements this way. 


Do vou know what the welding 
requirements are for bridges, build 
igs, piping, storage tanks, pressure 
vessels or whatever your type ol 
fabrication 


This information, necessary. to 
solving your practical, evervd 
welding problems, will be found im 
the standards tssued by the Ameri 
can Welding Society 


Are You 
—a Designer? 


—a Welding Engineer 


—a Welding Operator? 


—or engaged in any other capac- KE S U R E WI! T H 
ity as a Purchasing Agent, 
Salesman or Administrative 


Executive? | SPOT WELDING TIPS 


vou should know what the 
material, filler metal, design, work 
manship, inspection and qualitica 
tion requirements are for different 
products and tructures You 


should be famuliar with the stand 


ird welding nomenclature 
welding symbols used in everyve 
welding con 

spondence, in 

in contact 

latory requirement 


with the codes, standard d spect 
fications of the American Welding 
Society as well as the tional 
books, isk the Pechmical repre 
sentative (Liaison Othicer f your 
Local Section tor ol 
Bulletin describing these pub 
heations \lso ask about the Spe Send for new Bulletin 14.650 
cial discounts to members It vou dicgrommed illustrations, tables, 
prefer, write directly to AWS Head 
quarters 


11506-8 


price lists. 


It is easy to keep informed 
through American Welding Society 
technical publications. 


They will help you. 
Use them! 
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Secretary Emeritus VM. M. Kelly 
Honored at Luncheon 


The Officers and chairmen of Committees 
of the American Wetpine Sociery, past 
and present, arranged a luncheon in honor 
a@f Miss M. M. Kelly, who retired October 
fst as Secretary of the American 
Sociery The luncheon was held on 
Wednesday, October 1%th, during the 
Thirtieth Annual Meeting of the American 

ELDING Socrery in Cleveland. Some 
99 of her friends were present. The master 
@ ceremonies was R. D. Thomas of 
Phi! ielphia. Mr. Thomas stated: 

“We are here to honor Marguerite Kelly 
for her long service as Secretary of the 
American Society. The idea 
@ having this meeting was not that of any 
Ge or two men but was the idea of a great 
Many The iden Wiis generated like 
Spontancous combustion. We are here to 
fet Miss Kelly know that we honor her, we 
Fespect her and we love her 

“Before there was a WeLpiIna Sociery, 
Miss Kelly was Assistant to Dr. Comfort 
A. Adams. He, as you all know, was our 
first President and through him Miss Kelly 
Became Secretary of the Socte rv.” 

Mr. Thomas called upon Doctor Adams, 
first President of the Socwe ry, who on be- 
hal! of her friends presented Miss Kelly 
With a purse and a handsomely bound 
Booklet of autographs. In making the 
Presentation, Doctor Adams stated: 

“To me this is a very pleasant duty and 
a very happy oceasion as | look back upon 
thirty-one vears of close association with 
our Guest of Honor 

“To me the greatest asset of long service 
is the accumulation of friends rather than 
of money Miss Welly, this Luncheon and 
the token to be presented to you are evi- 
dence of the numerous friends which you 
have made in your long and faithful serv- 
we to the Amertean WetoinG Socrery 
We deeply regret that one of the prime 
movers of this event, our dear old friend, 
Bill Barns 3, Was detained because of illness 
The other active member of the team was 
another old friend, R. D. Thomas 

“In tendering this gift, | am sure that I 
express the feelings of all concerned in 
Wishing you many more years of happy 
life.” 

Following Doctor Adams presentation to 
Miss Kelly, Mr. Thomas called upon a 
number of the past presidents of the 
Socrery present as well as other officers 
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Each in turn, in his own way, paid tribute 
to the loyalty, efficiency and managerial 
ability of Miss Kelly. Some spoke in a 
humorous vein, others paid tribute to her 
charm and wit. It was one of the enjoy- 
able occasions of the Annual Meeting 

In response Miss Kelly expressed pleas- 
ure at having so many of her good friends 
present. She admitted that when Doctor 
Adams first proposed her name to the 
Board of Directors to the office of Secre- 
tary she was frightened bat determined to 
make good. She attributed such suecess 
as she attained to the encouragement of 
Doctor Adams, his kind consideration, and 
that of the many past presidents who 
followed him, as well as the Directors, 
committee chairmen and members of the 
Socrery She paid special tribute to the 
Finance and Convention Committe s, to 
the Sections and to a loyal staff. She men- 
tioned the team work between herself and 
Bill Spraragen and overcoming many of 
the obstacles which confronted the Sociery 
in the early days. Miss Kelly expressed 
gratitude to all and to Bill Barnes and 
R. D. Thomas who arranged the Lun- 


cheon 


Board of Directors Meeting 


\ meeting of the Board of Directors of 
the American WeLptinG Sociery was held 
in the Hotel Cleveland, Cleveland, Ohio, 
on Wednesday, Oct. 19, 1949, with the 
following in attendance 

Board Vembers C \ Adams, I 
Arnott, L. C. Bibber, W. F. Boyle, J 
Chyle, G. FE. Claussen, A. F. Davis, R. 
Donald, O. B. J. Fraser, J. Grodrian 
H. ©. Hill, J. H. Humberstone, T. B 
Jefferson, C. H. nnings, C. Maet 
\. F. Moses, Ho W Pierce, G. N Sieger, 
H. N. Simms, L. C. Stiles, J. B. Tinnon and 
R. L. Townsend 

Cleveland Section Representatives: C. T 
Elder and J. F. Maine 

Staff? J.G. Magrath, F. J. Mooney and 
W. Spraragen 

Others: D. HH. Corey, G. M. Trefts, 
J. Wirt and J. C. Wyss 


) 
J 


Call to Orde 


The meeting was called to order by 
President G. N. Sieger at 3:25 P.M 
Hazel Hakalow Memorial Resolution 
Memorial Resolution for Mrs. Hazel 


Hakalow, deceased, was prepared by a 


Society and Re lated Events 


Special Committee, consisting of Messrs 
T. J. Crawford, J. D. Gordon and J. R 
Stitt. This memorial resolution was read 
by the Secretary and, by vote of the Board 
of Directors, the resolution prepared by 
this Special Committee was adopted for 
the records of the Society and transmittal 
to the family of Mrs. Hakalow 


Expression of Thanks Extended to Retiring 
Board Members 


Retiring President G. N. Sieger ex 
tended the appreciation of the President, 
Officers, Board Members and the Sociery 
to those Members of the Board of Diree- 
tors now retiring for their valued services, 
namely, Messrs. D. H. Corey, W. F. Hess 
R. E. Lorentz, Jr., J. F. Maine, E. 1 
Mathy, L. 8. McPhee, G. M. Trefts and 
J. R. Wirt. 


Vote of Thanks Exrtented to t Cle andl 

Section Members 

The Board extended a vote of thanks to 
the Cleveland Section Officers ind Mem 
bers who did such a splendid job in han 
dling the 1949 Annual Meeting activities in 
Cleveland. 
Change of Chairmanship 

At this point, Mr. Sieger turned the 
Chair over to O. B. J. Fraser, newly elected 
President of A.W.S. for the 1049-50 
administrative year 
Appointments 

Officers Up m motion, duly seconded 
the following officers were re ippointed for 
the administrative vear beginning October 


149: Secretary, J. G. Magrath Last 
Secretary and Asst Treasure I J 
Mooney 


ppornt nents of Can nitlee Perso 


Upon motion, duly seconded, committe 
personnel, as printed in the December 
issue, Were appointed to serve for the L949 
OO administrative vear 


Designation of Officers to S yn CF s and 
Other Documents in Behalf of the Society 


As prescribed by the By-Laws. on 
motion, duly seconded, it was ed to 
suthorize the Treasurer and the Presice 
and in the absence of either, th Assistant 
Treasurer, to sign checks, notes, rece pts 
acceptances, endorsements, releases ny 
and all contracts and other document 
behalf of the Sociery. 
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WELDING A CREAM SEPARATOR WHEEL 
With Ni-Rod electrodes, no preheat- 
ing was necessary, so distortion was 
kept to a minimum. The wheel hub 
was welded, and broken gear teeth 
were built up. 


a 
FILING WELDED GEAR TEETH. After build- 
ing up broken gear teeth with Ni-Rod, 


only hand filing was required to put 
the wheel into usable condjtion. 


HAY PRESS BULL PINION SAVED BY NI-ROD 
A broken section was built up with 
Ni-Red and ground to shape after 
welding. 


JANUARY 1950 


says Jim Bengough 


“I've been welding for 20 years and never 
thought it possible to get an electrode to 
work as well on cast iron as Ni-Rod does.” 


4 


Expe rienced welders 
: —like Jim Bengough of 
Hensall, Ontario — recommend Ni- 
Rod for welding cast iron because 
Ni-Rod is both dependable and easy 


to use. 


Serious breakdowns in farm ma- 
chinery often call for welding cast 
iron parts... frames, broken gear 
teeth, wheel spokes, hitch links. With 
Ni-Rod 


up machines back on the job sooner, 


on hand, you can get laid- 


even if you are not an expert welder. 


Ni-Rod gives a stable arc in any 


position on either AC or DC. Pre- 


heating and post heating are seldom 
And Ni-Rod gives you 


welds that are machinable without 


necessary. 


special tools or techniques. Hand 
filing is often all that is needed to 
put a Ni-Rod welded part back in 
service. 

Be ready to make quick, dependa- 
ble repairs by ordering a package of 
Ni-Rod today. Your hearest INCO 
distributor stocks Ni-Rod in 3 32”, 


1 8”, 5 32”, and 3 16” sizes 


For complete information about 
INCO’s welding materials, send for 


the latest catalog. eg. US. Pat. Of 


THE INTERNATIONAL NICKEL COMPANY, INC.. 


67 Wall Street, New York 5, N. Y. 


NI-ROD REPAIRS BROKEN PUMP 
JACK. Ni-Rod’s ease of han 
dling simplifies welding in 
awkward positions and hard- 
to-reach locations 


Photographs show actual 
jobs im progress at 
JIM'S MACHINE SHOP 
Hensall, Ontario, Canada 


NI-ROD DISTRIBUTORS 


Whitehead Metal Products 


Alloy Metal Sales, Led J. M. Tull Metal & Supply 


Robert W. Bartram, Led 
Eagle Metals Company 


Metal Goods Corporation 


Metal & Thermit Corporation 


Company 
Pacific Metals Company, Led 


Steel Sales Corporation 


National Cylinder Gas Company 


Company, 
nson Company, Led 


ns and Company 


Hollup Corporation 
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A ppointe nt as Assistant Editor of the 
Third Edition of the Welding Handbook 


The Board of Directors approved recom- 
mendation of the Handbook Committee 
that J. I. Medoff be listed as Assistant 
Editor in the third edition of the Welding 
Handbook 


Time and Place of Next Meeting 

The next meeting of the Board of Direc- 
tors was set for Dec. 15, 1949, to be held at 
the Hotel Statler, New York, N.Y. 


Hakalow Memorial Resolution 


Whereas, the Amertcan Wetpine 
Socrery recognizes, in the death of Mrs. 
Hazel M. Hakalow, the loss of an active 
and valued member of the Society; and 

Wuereas, Mrs. Hakalow, as the only 
woman member of the Detroit Section, 
blazed a new path in the field of women’s 
activities; and, 

Wuereas, her unstinted efforts in the 
work of the Section contributed materially 
to the success of the Detroit Section and 
thus to the growth of the Socrery; and 

Whereas, her work, her cooperative 
Bpint and her ever-cheerful manner en- 
Geared her to all: therefore be it 

Resolved, that the American Weoine 
Bocrery, through its Board of Directors, 
hk reby \presses its sincere appreciation 
for Mrs. Hazel M. Hakalow’s services to 
the Soctery; and be it further 

Resolved, that these Resolutions be 
Bpread upon the records of the Sociery, 
With expressions of svmpathy and regret, 


\ 


Welding supervisors have long sought 
an all-purpose electrode which would 
withstand high currents without loss of 
efficiency THAT'S GRAY DEVIL 


Operators have always wanted a 
straight polarity rod which could be 
used with plenty of heat without the 
usual penalty of excessive globular 


CHAMPION 


and copies of these Resolutions trans- 
mitted to her parents, Mr. and Mrs. A 
Heidi and to Richard A. Hakalow, her son 


A.W.S. Defines a Welding 
Engineer and Practice of 
Welding Engineering 


Over a period of time the Socitery has 
received requests by the Membership to 
provide definitions of a “Welding Engi- 
neer”’ and the Practice of Welding Engi- 
neering It appears that many of our 
Membership believed that a Sociery- 
sponsored definition would be very helpful 
toward securing greater recognition of the 
status of the welding engineer and the prac- 
tice of welding engineering. They believed 
such would be influential in the order of 
consideration by State licensing bodies to- 
ward requests by individuals for profes- 
sional licenses and consideration by educa- 
tional institutions toward including greater 
welding engineering activity in their curric- 
ulum and granting of degrees in welding 
engineering 

About one vear ago the A.W.S. Educa- 
tional Committee was assigned the task of 
investigating existing definitions of indus- 
trv and goveramental bodies and arriving 
at its own definitions which it would then 
submit to the Board of Directors for con- 
sideration 

At the Sept. 22, 1949, meeting of the 
Board of Directors of the AMERICAN 
Soctery, held at the Hotel 
Statler, New York, N. Y., definitions sub- 
mitted by the Educational Committee 


spatter —THAT'S GRAY DEVIL +2! 


Welding engineers have required a 
general purpose, poor fit-up electrode 
which would consistently produce good 
quality welds of uniformly smooth ap- 
pearance, excellent slag characteristics 
and ease of handling in all positions — 
THAT'S GRAY DEVIL #2! 


Send for free samples—try them and be convinced 


RIVET COMPANY 


CLEVELAND, OHIO 


EAST CHICAGO, IND, 


Society Actinties and Related Events 


were reviewed and upon motion, duly 
seconded, approved by the Board of 
Directors. These detinitions follow 

Definition of Welding Engineer “A 
Welding Engineer is one who, by reason of 
his special knowledge of the mathematical 
and physical sciences and the principles 
and methods of engineering inalysis, ac- 
quired by professional education and /or 
practical experience, is qualified to prac 
tice welding engineering as defined in the 
following paragraph 

Definition of the Practice of Welding En- 
qineering “The Practice of Welding En- 
gineering involves a knowledge of three 
basic areas Ip engineering: one, the design 
of machines, structures and equipment as 
well as the design of suitable connections 
two, the materials of engineering with 
particular reference to metals, guses and 
refractories; and three, the processes 
procedures and equipment of the welding 
industry. The practice of welding engi- 
neering includes such professional services 
as consultation, Investigation, evaluation 
planning, design or responsible super 
vision of construction or manufacturing 
when such professional service requires 
the application of engineering principles 
and data.” 

Through the medium of this publication 
in Tut Journat, these defini 
tions are submitted to all AmMPRICAN 
WELDING Society Members with a cordia 
request for their comments. Comments 
should be in letter form, addressed to the 
Secretary, AMERICAN WeLpING Soctery 
33 W. 39th St., New York 18,°'N. Y.. and 
should be mailed prior to Feb. 15, 1950 


of all general purpose electrodes 


IS THE 


AWS CLASS E 6012 


D. C. Straight 


Above; CHAMPION Gray Dew 
obsence of spotter at high amperage 


Below. Typicc! of mony comparative elec 
trodes tested Note heavy ¢ 
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Hig Has ios Certifeate tril » ou rs may 
ding and Metallu from large S. W be plac wi the MER . WELDING 
l York IS 


Employment Sate Coleg with several wear W. St N 
Service Bulletig nchating the 1040 looters 


Position Vacant 


242. Resistar 


BOUND VOLUMES OF 
Superin THE WELDING JOURNAL 


vities Praining Supervisor , Bound volumes of THE WELDING JOUR- 
, NAL for the years 194€ 1947 and 1948 


t a special price of 


Services Available 


Supervisor 


ing Activities Availabl 

and travel. Can sy wri Adams Lecture Series 
as listed. T yurnals bound in at- 
» bi ather covers 
ffer expires April 1, 1950 
Orders may be placed with the AMERICAN 
WELDING SOCIETY, 33 West 39th Street, 

New York 18, New York 


f Kaquipmer it | 
may be purchased 4 
25.00 plus postage ft he three (3) years 
i Spanish 
500. Welding gineet tual rin order tof 


A Subject and Authors Index for any or all 
of these years will be sent upon request 


Carbid 


IN THE RED DRUM 


EFFICIENT 
ECONOMICAL 
DEPENDABLE 


FOR WELDING and CUTTING 


Use National Carbide in the Red Drum 


\\ 


60 42ndSt. NATIONAL CARBIDE COMPANY  \ew Yorki7.\.\ 


A Division of Air Reduction Co., Inc 


Janvary 1950 


nplete 
2.20 4 
Solid Phiase 
5 Department or in the teaching field Selectiot Welding 
4-502 Certified Electr Acet kro er \\ \ } lless 
Welding Engines d Hydrogen Welder. Age 25. Married M46, 9 pp. “Stru Strength 3 
Progressive mid-western manufacture ) Pwo and ha ! he Mil 
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THE 


Engineering Equipment 
Exposition 


Dramatic demonstration of new equip- 
ment in all fields of engineering with the 
emphasis on live action will keynote the 
Fifth Annual Exposition of the Minnesota 
Federation of Engineering Societies which 
will be held at the Minneapolis Armory, 
Feb. 21-24, 1950, according to H. E. 
Palmer, President of the Federation, Mr. 
Palmer also stated that Brede, Inc., Con- 
vention Managers of Minneapolis, have 
been retained to take complete charge of 
the exhibits 

The guest register for previous years 
Shows that interest in the Exposition is not 
@nfined to Minnesota alone but attracts 
Mer interested in new tools and tool de- 

n from states as far West as Montana 
apd the neighboring states of North and 
South Dakota, Wisconsin and lowa 

Exhibitors will have an opportunity to 
show their latest educational films in the 
Tittle Theater which has a seating capac- 
ify of 150. This service which is free to 

Exhibitors provides a 16-mm. machine, 
S@reen and operator 


Stud Movie 


H More than a seore of cost-cutting oppor- 
thnities available to industry through the 
We of automatic stud welding are shown 
ip « new 18-minute color sound movie 
Sp lit-Second Fastening,” just completed 
for the Nelson Stud Welding division of 
Morton Gregory Corp., Lorain, Ohio. In 
addition to animated sequences which 
dearly explain the revolutionary stud- 
Welding process by which fasteners are end 
Welded to steel, the film shows how it is 
wed in) building construction, railroad 
shops, shipyards, automotive plants, the 
fabrication of electrical equipment and 
numerous other applications in practically 
all phases of the metal-working industry 

Bookings can be arranged by metal- 
working companies, engineering and archi 
tectural societies, contractors’ organiza- 
tions, business clubs and other interested 
groups by contacting local Nelson field 
engineers and distributors, or by writing 
Nelson Stud Welding Div., Lorain, Ohio 


Stevens Institute Is Given 
330 Volumes 


Stevens Institute of Technology has rr 
cently received 330 volumes on various 
technical subjects, Dr. Harvey N. Davis 
presi lent of the college, announced rf 


cently 

The Federal Shipbuilding and Dry Dock 
Co., Kearny, N. J., which has terminated 
operations, gave the school 308 volumes of 


OS 


engineering society transactions, bound 
technical magazines and textbooks, for- 
merly part of its engineering library. 
Nineteen bound volumes of the AMERICAN 
Sociery Journat from. this 
group, were the gift of C. W. Bryan, Jr., 
vice-president and general manager of the 
shipbuilding concern. The books will be 
used at the Experimental Towing Tank 
and in the Mechanical and Metals Depts. 
at Stevens 

Another gift of 22 books from the New 
Jersey Chapter of the American Society 
for Metals was presented to the library of 
the new Peirce Memorial Laboratory of 
Metallurgy Among the basic standard 
volumes on metallurgy contained in this 
group are: Alloy Constructional Steels, by 
French; Electronic Methods of Inspection 
of Metals, by Hamburg: Fracturing of 
Vetals, by Bain and Sleeve Bearing Ma- 
terials, by Dayton. 

During the past year there has been a 
tremendous increase in the demand for 
books on metallurgy, Frances [. Duck, 


librarian at Stevens, said, and volumes 


from both donors will fill an acute need in 
this department. 


Income of Metallurgists Tops All 
Engineering Groups, According 
to New National Survey 


Metallurgy is the highest paid of the en- 
gineering professions 

This fact was established as a result of a 
recent National survey conducted by the 
American Society for Metals from its 
National headquarters in Cleveland, Ohio 

The survey, first of its kind ever made, 
also classified the prole ssional metallurgist 
as to his title, class of work, responsibility 
over others, distribution of time, products 
made by his company, as well as salary 
bracket at different periods of employ- 
ment 

This occupational analvsis of the metal- 
lurgical profession conducted — by the 
metalworking industry’s basie Society, 
establishes for the first time a separately 
defined status for the metallurgist. Pre- 
vious statistics on this important member 
of the engineering profession have been in 
conjunction with mining engineers or other 
groups 

Here is the pattern and some of the 


significant results of the nation-wide in- 
vestigaty of the metallurgist’s profes 
sional standing Selecting better than 
O°, of the total metallurgists among the 
Society s 20,00 wmbers, the question 
naire sought swers to specie questions 
ibout the meta s background and 


his contribution to our indugtrial progress 
Thirty per cent of those questioned sent 
back their answers, a high percentage, 
according to seasoned polsters in the in- 
dus rn il field 


Vews of the Industry 


Income The average income for metal- 
lurgists, according to the A.S.M. analysis, 
is $6567. The National average income for 
all types of engineering, according to the 
U.S. Bureau of Labor Statistics, is 4668 
Comparisons with other professional in- 
comes are equally impressive. The lawyer 
receives an average of $5719; the chemical 
engineer's annual average is $4320. The 
average yearly income of all college gr id- 
uates in the U. 8S. is 34689, while the 


average yearly pay of all U. 8. Workers is 
$2840 

Three factors were shown to affect a 
metallurgist’s income —his responsibility, 
his college or technical training and the 
length of time on the job. 

Aside from 6.5% of those queried who 


had succeeded to administrative and sales 
positions, the responsibility of metal- 
lurgical control over quality and produc- 
tion offered the highest income —a high of 
$35,000, with an average of 8722 

The second factor—that of technical 
training—shows that with a bachelor de- 
gree, the metallurgists income averaged 
86601. A master’s degree justified SOS77 
The metallurgist with a doctor's degree 


has an average yearly income of 30122 
The third influence came from experi- 
ence or length of service. Metallurgists 


with one vear out of college drew an 
average income of 338700. After five vears 
on the job, the average went to $5500 
Ten vears’ experience advanced 
come to-an average of around 36500. 
Twenty “years after graduation, the 
metallurgist was averaging SS1O0 Phe 
peak average income is reached thi 
years after receiving a college degre 
$9000. From this point the average in- 
come gradually decreases 

Work Categories. Thirty-two pet 
of those responding were emploved by the 


producers of basic metals. Fift 
cent worked in industries which 


metals into finished products 


The remainder were engaged in 
services to the industry 

Class of Work. Forty per cent of those 
queried were concerned with technical 
Phirty-two per 
eent were engaged in technical research or 
The remaining 28% were 


problems of production 


development 


concerned chiefly with technical contacts, 


management and distributior 


Titles A majority of those que-s- 
tioned —61° gave their titles as metal 
lurgists. Eleven per cent of this number 


were identified as Chief metallurgists 


Seven per cent of the i mt 
Material Engineers, while 4°, were Pro 
duction Engineers. Supervisors, superin 
tendents, foremen and other operating 
personnel made up the balances 
Listribution of Time b Only 
in technical duties did any of the re 
spondents devote all of their time. Thirty 
one per cent of the total number spent 


100° of their time on technical matters 
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| RY 
: 
‘ j 
3 lubricate 
4 


Specifications, Definitions resistance welding processes are being 


All of those questioned spent some of their Literature, 
studied as well as welding in controlled 


time in this field. Only a single reply indi- Svmbols; Processes, Cutting, Equipment 
cated less than 11% time in this activity raining, Qualification, Inspection, Safety ifmospheres 
Testing; Structures, Failures Difficulties 
Physies, Metallurgy Metals, Weld- 
National Welding Supply ability Siler Mets: 
Association Technique; Design, Details; Economy, Steel Research 
Estimating, Cost Final Examination 
Current issue of the official bulletin of The 
the above Association, Spatter, indicates review of 


continuing interest of its membership Westinghouse Review Steel Corp 
ite in e ver rnegie-[linois an- 


ontained im a 


Twenty-one new members have “‘joined I 
7 \ special Mid-Century Review «1 nounced th 

Forecast Forum was held on Thursday, experimet ion and sts, it is prepared 
November 10th, in East Pittsburgh, Pa for commerct uchon oO w-carbon 
by the Westinghouse Eleetrie Corp 0.03% n taink These 
American Agile Corp., of Cleveland, which was attended by a number of editors new 


their of technical magazines and dailv news- industr i » intergranular 
IS-S stainless 


painstaking 


Welding Plastics 


steels, whi ! specially useful in 


Ohio, announces the formation of 


new Plastics Division which will be de- papers. Some 
voted exclusively to the welding and flame made by outst gy experts of the Com- | ich columb ind titanium 
Welding is to play an important vilizet d. Welding 


n a number of the departments 


$ or 14 torecasts were corrosion equal 


spraving of thermo plastics. This may be pany 
considered an entirely new Innovation in part 1 
Special mention of tl ipplications © 


low-carbon 
welding application inasmuch as it is f tainless steels can replace stabilized 
accomplished by the use of hot-gas welding welding was mack the 
Laboratory For 


Transformer welding, 
guns plus plastic filler core material Dept. and the Resear times in the 
in h on uction of 


The welding application is similar to the example, trans xi 
welding method, but ormer tanks, welding enal 1 the design 
rs to overcome many difficulties due to electric tugbo put in operation on 

The Flame-spraying operation is done leakage d to fre he designers to make the iarine ways of rt o-Thinoig 
by means of a Flame-Gas spray type gun in oil-tvpe transformer tank exactly lairton Works sed harbor tug 
suited to the job it | to the 


The Research Laboratory continues to by-produ “king vant world’ 


oxvacetylene gas ivers, a Diesel- 
without a burning flame 


which is manufactured in but one size at 
the present time 


Agile Welding Guns are capable of pro- stud) 
650° I onen elding processes and to devise sidiar 


some of the less understood com irgest 


ducing welding heats of 280 to 
ure remarkably effective and « 
the welding of such thermo plastics known determine 


Saran. Pol) leveloped or 


t i tte vd more yormical processes and construc i ull plated 
fabmeated i to take 


nospheri¢g 


under the trade names « 
thene, Korose il The slorementione 


brands are merely a few that can 


vdapted to this type of welding Further 


detailed information can be had by writing CUTS 


American Agile Corp., 5806 Hough 


MAINTENANCE 
Cobalt 60 ; : cosTs MORE THAN 
St. John X-ray HALF 


N. J., has just received a 350 millic 
source of Cobalt 60 his is a radioas 


60 has a smaller focal spot size than the : : : ON PIPE AND 


material to 


equivalent amount ¢ 
sults can be obtained by the use o 
radioisotope 


A separate building has been designa 


for the exclusive use of Co 60. The ¢ am HOW! NEW EASE SPE 
pany is also prepared to an 
jo WITH THE 


CONTOUR MARKER 


of Welded Structures Compact, fits into hip pocket. Efficient, accurate, 
to use Any of the angles in the illustration 
right can be arked off in five minutes or 
less on any pipe from to 18 inches. Save time, 
labor and gas—will pay for itself in one day 


Class in Theory and Design 


IF YOUR LOCAL DISTRIBUTCR CANNOT SUPPLY 
YOU CAN ORDER DIRECT 


TO CONTOUR MARKER CORP 
1843 E. Compton Bivd 
Compton, Calif 


Please send me full details on the Contour Marker 
NAME 

COMPANY 

STREET 

CITY 


January L950 Vi of the Industry 


F ub- | 
Me 
q 
ED : 
< 
For 
b the ae 
General Services Bldg. 19th and F : 
Z 
N. W., Washingt D. C.. each Mond 
evening from 6 to 8 P.M. beginning M 
ad evening Feb. 6, 1950 The is 5 / 
be taught by Nathan W. Morgan, P 
pal Highway Bridge Engineer, U. < 
Bureau of Pu Road A number 
dustrial and m how ng j 
various leatures the elding proce 
will be shown during the The 
following is an outhne of the course 
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ENROLL NOW 
In the FIRST 
Welding School 
of its kind in America! 


| WELDING INSTITUTE 


Complete facilities for the NEXT SEMESTER: FEB. 15, 1950 


Eutectic’s new welding institute is being opened in answer to the enor 


H mous demand for instruction in Eutectic’s new welding techniques 
manufacture of electrical and at = at N_Y., it will welcome our cus 
. " ers’ welders and all who t t by th ‘ 

mechanical carbons and graph through general Eutectic tow welding 
e * . = tals you can learn to weld the most profitable way, for production 
ite/ metallic compo und ing—over and for repai: aiyminum Stainless Magnesium Monel 
half a century of carbon expe- Steel Copper Brass Bronze Die Castings 

EUTECTIC WELDING INSTITUTE 
rience—extensive on-hand poe today tor EUTECTIC WELDING ALLOYS CORPORATION 

j ree information 40 Worth Street * New York 13, N.Y f 

stocks of standard replacement | Lorgest Manufacturers of Specialized Welding Alloys : 


brushes for ‘return-mail” main- 


tenance service . .. three of the SPOT WELDERS siz; Vs 19 300 
FOR M AM ‘OR 
OR E TECTRONIC OPERATION, 


many reasons why BBB is a good 
source for your carbon needs. 


pr BUTT, ARC, and 
GUN WELDERS 


BECKER BROTHERS CARBON CO. 
3450 S. 52nd Ave. * CICERO 50, ILL. 


CARBON 


worrosion and the weldability of this high- 
Btrength alloy steel 

On the west coast, United States Steel 
Products Co., applied Cor-Ten to the fab- 
Fication of 4400-gal. semitrailer gasoline 
Rank truck tanks. The high strength of 
this material, permitting the use of thinner 
Bheets, saves 1200 Ib. in weight on each 
Rank, providing a free ride for 200 gal. of 
Gasoline on every trip 
) Three active and one spare 25-ton Besse- 


TRANSFORMERS 
For Furnaces, Lighting, Distribution, Power, Auto 
Phase Changing = ling, and Special Jobs 

WATER COOLED. Sizes 1/4 to 300 KVA. 
“EISLER ENGINEERING CO., INC. 
CHARLES EISLER, PRES. 


779 South 13th St. (Near Avon Ave.) NEWARK 3,N.J., U.S.A. 


welds were required in producing this 
vear's record automobile output, The 
Resistance Welding Institute, Cleveland, 
reported, recently 

This multibillion record of electri 
welding’s contribution to the nation’s 


transportation was announced following 
the disclosure that passenger cur produc 

tion reached an all-time high of 3,880,000 
automobiles during the first 10 months of 
1949. The average auto contains approxi- 


Mer converters, all of unique, all-welded mately 12,000 resistance welds with more 
@nd stress-relieved design, are the core of Champion Rivet Company Booth than 8000 in the body alone, according to 
the new steelmaking plant of National the Institute -f 
Tube Co., at Lorain, Ohio. The new Oct. 17, 1123-—-R. R. Sehier, Fawick- Now prominent as an assembly process 
continuous tube mill is expected to manu- Airflex Co., Cleveland, Ohio in the fabrication of virtually all volume- 

' facture up to 18,000 tons a month of seam- Oct. 18, 1148 — Lee Carter, The Lummus production metal products, resistance 

i less steel pipe and tubing in a diameter Co., Honesdale, Pa., and Bob Burger, welding scored its initial success in the 

f range from 2to4'/.in. A new blooming, Alcoa, Cleveland, Ohio automotive industry by making the as- 
bar and billet mill was also added to the Oct. 19, 1164-—k. A. Koenig, The sembly line possible Industry authori 
Lorain facilities during the year, to round Yoder Co., Cleveland, Ohio. ties say that were it not for the high pro- 
out earlier improvements. These con- Oct. 20, 1109 —Carl F. Joseph, Central duction obtainable through resistance 
sisted of a giant warehouse to house a Foundry Div., Saginaw, Mich., and welding, the modern motor car would cost 
continuous supply of the company’s W. A. Bidlingmaier, The Truscon at least several hundred dollars more, the 
Lorain products, a concentration of butt- Steel Co., Cleveland, Ohio od i 

weld facilities and new coal-handling Oct. 21, 1186-1. 8. Wishoski, “Indus- 

and coke plants, including « coal trial Heating,’ Pittsburgh, Pa Send Plow 

research laboratory The prize, a set of stainless steel steak 

; knives, has been mailed to each of the The plow blades in « sand mulling ma 

above winners, The Champion Rivet Co chine are exposed to one of the most 


Champion Contest 


wishes to express their thanks to all who so severely abrasive operations in industry 


The Champion Rivet Co. announces the willingly participated In many cases they mull a total of more 

following winners of the daily contest held than 125 tons of foundry sand per day In 
b the National Metal the machine pictured here, the wear was so 
at their booth during the ition Forty-Six Billion Resistance 
Show held at Cleveland Public Auditorium . severe that plows had to be replaced every 
from Oct. 17 to 21, 1949. The number of Welds Help Auto Industry four days on the average. As it takes two 
electrodes in the cylinder and the person Set New Record men 3' /, to 5 hr. to remove old plows and 
with the nearest correct answer for each replace them with new ones, replacement 
More than 46,560,000,000 resistance Was an expensive maintenance item 


day was as follows: 
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, 4 basis of our well-being has always been closely 
allied with the value of goods an hour’s work will buy. As 


= 1.50 

the chart shows, this value has increased from 60c worth 

of goods in 1900 (at today’s prices) to an estimated $1.48 
worth in 1950. This value is bound to increase, and smart 
60 manufacturers know that their prosperity as well as the 
aa ” country’s, depends upon their ability to produce more 
3 goods per man-hour expended. 
1900 1940 1950 (Est.) 


here’s how one manufacturer 
boosted production per man-hour 
eight times! 


One of the world’s largest producers of wheeled 
toys was faced with the problem of speeding up 
assembly of wheels. The assembly involved fasten- 
ing two stamped wheel halves with 8 spot welds. 

Instead of purchasing additional welders, train- 
ing new operators and taking up valuable floor 
space, a special multiple welder was designed and 
built by Sciaky. The operator has only to load the 
gravity feed chute, presg 
starting switch and thea 
keep chute full. Finished 
wheels drop out the other 
side at the rate of 30 per 
minute! 

Thus, only one operator 
welds more than 8 times 
as many wheels as form- 
erly produced. Here is an 
instance where skilled use 
of resistance welding 
greatly increased produc- 
tion and decreased unit cost. 
For a complete description 
of this machine write for 
Bulletin No. 25B. 


Sciaky specializes in both a complete line of standard welders, and in the design and 
manufacture of special units, tailored to your needs. You are invited to consult our 
Application Department without obligation. 


2.00 
1.48 

~ 

i 


ing, the tube casing melts to form a matrix 
for the hard carbide particles, thus creating 
an extremely wear-resistant surface. Tube 
Tungsite and Tungrod are supplied in a 
wide range of gfanulations, from 5-8 to 
410-125 screen mesh. 


300 Ton Trailer 


Designed and built by the Eidal Mtg. 
Co., of Albuquerque, N. M., this mam- 


moth 300-ton capacity trailer was fabri- 
cated with General Electric welding equip- 
ment. It isto be used by an oil company 
in moving rotary oil-drilling rigs and draw- 
works without disassembling. The origi- 
nal method of moving rigs required 30 
days, it was said, but with this 72,000-Ib 
trailer the entire equipment can be moved 
in about 24 hr., at approximately one- 
sixth the cost. The framework of the 
giant trailer as well as the axle mountings 
were are welded. 


Sand Muller Plow Hardfaced with 
Tungsten Carbide 


To get longer service from thew parts, 
hardiacing was tried As an experiment, 
Amsco Tube Tungsite, 30-40 mesh, was 
applied with sensational success. The 
useful life of the parts was multiplied at 
least 32times. The above photograph was 
taken after four months of service with the 
original plows still in place The foreman 
of the department estimated that they 
were good for at least two months more a 
total of over six months He also esti- 
mated that the Tungsite bardfacing would 
save the company approximately $390 in 
castings and labor alone not to mention 
loss of production time during the six- 
month period 

Amsco Tube Tungsite, the hardfacing 
rod used on these plows, is of the tungsten 
carbide type Finely granulated particles 
(30 to 40 sereen mesh in this case) are 
encased in a tube of mild steel 


In weld- 300 Ton Trailer 


WELDING CONNECTORS 
Saxe System Welded Connection Units 
for welded assembly 
Saxe Units place in position and securely hold together structural 
parts to be welded 
As used in many welded structures they eliminate all hole p 
ing producing an economical, rigid, safe and quickly erected struc 
tural frame 
“Write for 58 Manual containing full engineering design 
information for welded structures. 
J. H. Williams & Company 
Buffalo 7, New York 
G. D. Peters Company 
Montreal 2, Canada 
Canadian Representative 


righ 
treated tips 
PTER in AK 
OPERATI 


SPECIALIZING IN “BETTER-BUILT” 


WELDING & 


...with the famous Stackpole "F" Treatment 


STACKPOLE'S 
recently developed “F"’ treat- 
ment for its Carbon Brazing 
Tips has resulted in units that 
operate at temperatures above 
red heat, require dressing far 
less often, and increase tip 
life four to five times that of 


untreated carbon by minimiz- 
ing oxidation. Their resis- 
tance to cracking or spalling 
permits more radical temper- 
ature changes than is possi- 
ble with any other material. 


SAMPLES...sent for test. State size and 
shape. Mention company afhliation. 


STACKPOLE 

CARBON CO. 

ST. MARYS, PA. 
ENPORT: Stackpole Carbon Co., 254 W. 34th St, New York 1, N. Y., U.S. A. 


CORPORATION 


mich 
8 
sash 
3039 WA 
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| TONGER LIFE REDUCED [e g& 

and here's the proof! 
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“FOR OVER 25 YEARS 
complete rAL 
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New Appointments 
by Metal & Thermit 


Metal & Thermit Corp., New York, 
innounces new appointments and trans 
fers of personnel as follows 

Bernard W. Weber has been appointed 
Manager of its detinning and electro te 
manufacturing plant at East Chicago 
Ind Mr. Weber formerly was Manager 
of the Seattle plant of the American Can 
Co., with whom he started as a laborer in 
1934, progressing through the jobs of 
worker, 


mechani research 


manulacturing 


Inspec tor, 
foreman ind 


He is an alumnus 


general 
plant general foreman 
f Oregon State College 
W. S 
Superintendent of the East Chicago plant, 
is now at the Metal & Thermit executive 
iffices in New York as Technical Assistant 
to the Vice-President of Production 
William C. Cuntz, formerly Manager of 


the company 8 sales office and warehouse 


Leinhardt, formerly General 


in Pittsburgh, has been made District 
Manager at Chicago. Mr. Cuntz joined 
M & T in 1935 as Sales Engineer in the 
hermit Dept 
Orville T. Barnett, formerly Manager of 
he Newark, N. J., office has been ap 
pointed District Manager at Pittsburgh 
Mr. Barnett joined M & T in 1940 as 
trode Dept 
having previously been Chief Inspect of 


Engineer of Tests in the Ele 


Black, Sivalls and Bryson’s pressure vessé 
plant in Oklahoma City 
Robert T. Brown, 
hnical Service or 
‘hermit, has been mad 
Newark, N. J Bet 
in 1943, Mr. Browr 
intendent of the Amer 


ine shop in Cincinnath 


Bruton Made District Sales 
Manager 
William C. Bruton ha 
District Manager 
Manganese 
Brake Shoe Co 


been appointed Pa 


January 1950 


J.P. Coughlin Manager of 
Field Sales 


The appointment of J. P. Coughlin as 
Welding Dept., 
Westinghouse Eleectri Corp Buffalo 
N. Y.. was recently announced by J. O 


Clevenger, manager of that department 


manager of field 


Mr. Coughlin was graduated from the 
University of Missouri in 1939, joining 
Westinghouse upon graduation. He sub- 
sequently served as welding sales engineer 
for the- district, head- 


quartered in St. Louis In 1942 he was 
i 


Southwestern 
commissioned in the Navy, serving as 
officer in charg f welding construction 
it several large s vards 

In 1945 he returned to Westinghouse as 
manager of welding products, Agency and 
Specialty Sales Dept Kast Pittsburgh 
He held this position until his recent ap- 
pointment as manager of field sales for 


the Welding Dept 


Wadley and Wicker Elected 
Magnolia Airco Vice-Presidents 

M. G. Wieker and T. Wadley have 

7 ‘ of the Mag 


tf was dis 


el i presidents 
1 Mr. Wadley 
Air Reduet 


ite prior 


or, president 


es territories 


Airco Announces Technical 
Sales Division Appointment 


TURNING TANKS 
iS OUR BUSINESS! 


YOU'LL WELD 'EM AT LESS 
COST IF YOU USE 


REED ENGINEERED 
TURNING ROLLS 


THE ONLY COMPLETE LINE OF 
MODERN TANK WELDING 
LOUIPMENT 


* THE NEW &D-20 TURNING 
ROLI 


Cap. 2.000 ths.—handles up to 6 ft. x 12 ft 
tanks Priced at $650.00 Factory 


Described in Bulletin N ’ 


*% HEAVY DUTY TURNING 
ROLLS 
Built in 5 standard sizes ton, 6 ton, 12'/s ton, 
ton and 50 ton. Complete details shown in 
Bulletin No. 68 


*% UNIT TYPE FOR AUTOMATIC 
WELDING 


ng Rolls & Track Support into 
Mack > standard sizes 


Combines Turni 
one compact unit 


Special units made t 


*% POWER DRIVEN PIPE ROLLS 
ti 


ip, assembly & welding Hoth 
ata spree t your require 


1 Complete Line of Tank Welding 
Equipment Inela yg be ftolls Assembly 
Presses, Hort J ra pport § Welding 


GCantries 


COMPLETE INFORMATION 
MAILED AT YOUR REQUEST 


REED ENGINEERING CO. 


CARTHAGE. MISSOUR!, U.S.A 
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whieh neluded thor of the states of 
Oklahoma, Lou nd Arkansas, will 2] 
now be se the Magnolia Aireo 
organizati Mr. Wicker matinee 
to have | uarte in Oklahoma 
Cit Ook \I Wadk will 
in Shere port, | Both e been 
= Wicker ‘ t} AMERICAN i 
So 
has J. Berrvman has 

Manager of issistant to the nager, technical sale 
the Welding Products Dept., according t tw 1 recent] . 
in announcement by J. B. Terbell, Divi J. Linco e-presides \ 
ion Executive Vice-President Reduction Sales Co, He will Seott 
Mr. Bruton, formerly Sales Engineer, D. Baume anager, ision : 
3 first joined Brake Shoe in 1916. His ter: Mr. Be graduated fron 
ne the Yukon Territory and Alaska, and BE. in gineering. 
he wi mike his ju ter it the D ned Beth stent Spear 
sion’s plant in Oakland, Ca P Mal mi witt as 
- Mr. Elem, forme Welding Engi ant tu gineer until 1940 
California. During World War II } He wa : 
Pacific area. He is a member of the Amer Cor Mr. Berrymar 
aoe in Society for Metals and the AwErRt ned Air Redu 1946 and served ae 
Wenping He will make his n the rion as machine 
headquarters at the Division's plant in Los velding anit etal 
Angeles, Calif lurgieal eng until his pr 


Here's why Torchweld 6500" delivers constant 
pressure and volume regardless of cylinder pressure 


In any regulotor the pressure of the incoming gas is one of the 
forces operating the valve mechanism. As cylinder pressure 
drops, this force decreases, causing a variation in the volume of 
gas flowing through the valve. 

In the TORCHWELD "6500", o pressure compensating cham- 
ber below the seat counteracts the effect of this decreasing force. 

A small passage in the valve seat permits gas of cylinder 
pressure to enter the chamber. At the bottom of the chamber is o 
reinforced rubber sealing disk. Below the disk is a pin which 
rests against the back of the regulator. 

The forces within the chamber act upon the disk and pin so 
thot there is a resultant effective force which tends to move the 
seat upward toward the nozzle. 

As cylinder pressure drops this upward force diminishes, re- 
sulting in o gradvol increase of the spacing between seat and 
nozzle. This compensates for the effects of decreasing cylinder 
pressures, and thus maintains constant delivery pressure and 
volume. 


Here's how various types of regulators act as cylinder pressure drops 


TYPE A—Stem-type single-stage regulator delivers at 
creasingly higher pressures as the cylinder empties. Frequent 
pressure adjustments are necessary. 


TYPE B—Nozzle-type single-stage regulator delivers gas at 
pressures that drop lower and lower as the cylinder empties 
Frequent pressure adjustments are necessary 


TYPE C— Two-Stage regulator gives uniform working pres- 
sure regardless of cylinder pressure, depending upon quality 
of regulator. Pressure adjustments are avoided 


TYPE D—TORCHWELD "6500" REGULATOR delivers 
constant working pressure (whatever it's set for) regardless 
of drop in cylinder pressure. No adjustments are necessary 
while welding or cutting 
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THE NEW 


TORCHWELD 


REGULATOR WITH PRESSURE COMPENSATING CHAMBER 


NOW...the precise pressure control of the two-stage 
regulator for single-stage regulator cost..< 


Until now, whenever you bought a regulator you 
had to make a choice between two types—a sin- 
gle-stage regulator or a two-stage regulator 
each with characteristic advantages. 

Now, thanks to NCG research and design, you 
can get a regulator that combines the best fea- 
tures of both types, and the disadvantages of 
neither. The new, unique TORCHWELD “6500” 
offers you precise and constant delivery pressure 
and volume (at whatever setting you choose 
regardless of drop in cylinder pressure. 

Heretofore this time-saving characteristic 
could be had only in higher-priced two-stage 
regulators. Now, in the TORCHWELD “6500” 
it may be had for a price only slightly more than 
the average single-stage regulatcr—and you get, 
in addition, the economy advantages of a single- 
stage regulator. 

It’s all due to the NCG-engineered ‘‘pressure 
compensating chamber’ —an exclusive, patented 
TORCHWELD feature that marks the first 
major advance in regulator design in 20 years. 
Further, all other features typical of TORCH- 
WELD quality are retained—extra rugged con- 


struction, big streamlined gas passages for ample 


volume, the exclusive “SPIREX"’ nozzle ele- 
ment that prevents seat ignition, inlet filter, re- 
lief valve and few working parts to wear or repair. 
Yes, the TORCHWELD “‘6500”’ is the great- 
est regulator value ever offered. Write for Illus- 
trated Bulletin No. NTW-104 containing full 
details. 
NATICNAL CYLINDER GAS COMPANY 
Executive Offices: 


840 N. Michigan Avenue, Chicago 11, Illinois 


i 


EVERYTHING FOR WELDING 


NATIONAL CYLINDER GAS COMPANY 
840 N. Michigan Ave., Chicago 11, Iii 


Please send me a copy of Bulletin NTW-104 containing full par 
ticulars on the sensational new TORCHWELD “6500 regulator 


NAM} 
COMPANY 
STREET ADDRESS 


3 
RQ CLIP AND MAIL THIS COUPON TODAY i. 
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NEW LITERATURE 


Cutting Production Cost with 
Electronic Controls 


Cutting Production Costs with Electronic 
Controls contains 45 case studies describ- 
ing actual examples Oot cost-saving produc- 
tion techniques. This book includes no 
catalog information. Its 65 pages are 
filled with facts showing how photoelectric 
and electronic controls solve problems and 
prevent bottlenecks in industry 

Each of these case studies describes an 
industrial control problem which has been 
solved through the use of electronics. 
The applications have been chosen from 
thousands of installations because of their 
general interest, and because each will 
suggest related uses in other fields 

To assist in quickly securing useful in- 


‘formation, an index lists the applications 


both alphabetically and by industries 
Free copies of this book are available from 
Photoswitch, Ine., 77 Broadway, Cam- 
bridge 42, Mass 


Electrode Catalog 


The Champion Rivet Co. announces 
Welding Electrode Catalog. 
This 32-page illustrated catalog describes 
their full line of welding electrodes, includ- 
ing mild steel, low-alloy 
stainless steel, hard surfacing, tool and 
die, cast iron, bronze and aluminum as 


their new 


high-tensile, 


well as copper allov and gas-welding rods 
Copies available on request Champion 
Rivet 108th & Harvard Ave., 
( ke ve land, Ohio 


1950 Dir 


‘tory of Eutectic 
Products 


Latest metal-joming information on 
kutectic “Low-Temperature Welling Al- 
lovs”’ is now available to all welders in the 
Luirectory Welder for 1950 

Featuring 65 outstanding EuteeRods 
for torch welding and EuteeTrodes for are 
welding, this issue is profusely illustrated 
with case histories that will be a source of 
interest to welding engineers and techni- 
cians throughout leading industries 

Among the products listed in this pre- 
view of advance 1950 information is the 
innouncement of the new line for stainless 
steel are welding, which is outstanding for 
highest quality welds at lowest amperages 
without damage to base metal 
electrodes are known as Eutee-Staimtrodes 
ind are available for all types of low-heat 
stainless steel welding, depending upon 
composition of base metal An unusual 
item in this new tine is Eutee-Staimrod A 
for gas welding only, which is flux coated 
to insure perfect welds at lowest heat 
Selection Chart is also in- 


A complet 
cluded for information on the numerous 


specialized welding alloys of Eutectic for 
particular jobs 

For your copy of Directory Welder for 
1950, write to Euteetic Welding Allovs 
Corp., 40 Worth St., New York 13, N. Y. 


Flame Cutting 


klectrice-Eve Flame Cutting—New bul- 
letin published by Joseph T. Ryerson & 
Son, Inc., steel distributors, illustrates 
intricate and unusual steel shapes supplied 
by this firm, cut to customer’s order with 
their new Electric-Bye flame-cutting equip- 
ment. Typical of some of the irregular 
shapes furnished are Diesel locomotive 
parts, sprockets, grinding wheels, boom 
bars, crankshafts, machine and equipment 
frames and ornamental pieces. Shapes 
cut with the Eleectric-Eve machine are 
said to have sharper, squarer corners and 
greater accuracy than can be cut with 
other mechanized flame cutters, resulting 
in savings in fabricating costs and opening 
up new opportunities to use parts made ol 
rolled steel. For copy of this bulletin 
address Joseph T. Ryerson & Son, Ine., at 
their nearest plant: Chicago, Milwaukee, 
Detroit, St. Louis, Cincinnati, Cleveland, 
Pittsburgh, Philace Iphia, Buffalo, New 
York, Boston, Los Angeles, San Francisco. 


Restoring Fits with Metallizi 


The November i 
reports that users 


found rebuilding fits of all kinds a great 


of the Metco News 


metallizing have 


time saver For instance 
large bus compar reports real money- 
saving on motor blower end plates on its 


G.ALC. Diesel bus eng 
east aluminun ontaims two ball-bearing 


20475 1 


ines The part, of 


housings diameter Lin. deep 
In operat ym, the press fit is often lost and 
must be restored Cost of a new plate Is 
S20 With metallizing, the entire opera- 
tion including preparation, spraying and 
finishing takes less than an hour. They 
rebuild an average of 12 end-plates a week 


it a cost of each Savings 


S1IS.50 an end plate close to $225 per 
week or SLIL,700 per vear That's not all 
some of these metallized end plates have 
heen in service 5 vears and are still good 
New plates last about a vear the metal 
lized surfaces have already outlasted new 
ones 5 tol 

Another user tells of rebuilding a 30-in 
spindle with three different bearmg race 
diameters 3.25, 3.4 in Phe 
surfaces were spraved with 0.10 carbon 
steel, 0.030 in. on a side, and machine 
finished Here is the pay off—new 


spindles cost SLIO tot il cost of the metal 
lizing job was $2.75 or about 3° of the 


cost of a new spire le 
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Many other applications are also sug- 
gested such as axle shafts, brake drums, 
eylinder liners, glands sections, plungers, 
lathe beds, ete. Write for your copy of the 
Metco News, Vol. 4, No. 11 Metallizing 
Engineering Co., Inc., 38-14 30th St., Long 
Island City 1, N. Y. 


Welding Catalog 


Special Welding Alloy Co., Inc., 27-33 
Jackson Ave., Long Island City 1, N. Y., 
has issued an attractive pocket-size catalog 
describing their gas-welding apparatus, 
low-temperature rods, gas-welding and 
brazing rods, P & H are welders and elee- 
trodes. Technical information tor the 
welder also included 
request. 


Copy avail ible on 


Weld Coating Materials 


The Texas Alloy Products Co., 2110 
Quitman St., Houston 10, Tex., has issued 
a new catalog which provides information 
on their activities as processors in problems 
involving alloved metals in heat, corrosion, 
or abrasion. 

These functions involve the selection, 
treatment and processing of alloys for 
these purposes, which fall in three general 
groups: (1) solid alloys as produced, or 
with heat treatment; (2) solid alloys case 
treated: (3) weld coatings with, or with- 
out heat treatment 

The Company has recently completed 
classification of weld-coating materials 
charts for which are presented in this 
booklet. Copy available on request 


Safety Catalog Available 


Willson Products, Ine., Reading, Pa 
has just issued their new industrial 
safetv equipment catalog. In addition to 
providing product information on the 


company s tine of eve ind respiratory 
equipment, this 64-page book contains a 
fund of technical and reference material 
This has been included to help the user 
select the proper type and style of equip- 


ment for the specific occupational hazard 
involved, and to give him information on 


its use and care 


Among the subjects discussed are: (1 
digest of U. 8S. Federal Specifications for 
heat-treated glass, and tests made to in- 
sure conformance and performance 2 
discussion of the ivantages and proper 
use of plastics ss supplied to the safety 
field; (3) tvpes of filter glass available for 
use in occupations where varving degrees 
of glare oradiant energ e en- 
countered liscussion of tvpes. of 
respiratory hazards hat to 
use for specif hazard und we. and 
maintenance of respirators 
selector tables showing gases and vapors 
prevalent in industry, with suggestions on 
gas mask and canister assen P ‘ 
mended for specihe contami 

Charts throughout the catalog show at a 
glance the mparative feature lous 
stvles and aid in the selection of the most 
comfortable style for the user. The block 


is profusely illustrated 
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Material Handling 


This 16-page booklet “Material Han- 
dling,” shows how proper “positioning” of 
materials saves unnecessary handlings 
during production operations 

It contains illustrations and descrip 
tions of 12 different types of equipment ol 
various manufacturers for positioning 
These point out many proved ways of 
positioning materials. 

The emphasis in the past by industrial 
executives has been on transportation ind 
tiering of materials. The third phase of 
material handling—positioning of ma 
terials—has been very much neglected 


particularly in production proces 

This booklet was written by George 

3 G. Raymond, President and Treasurer, 

and William C. House, Vice-President ot 
Lyon-Raymond Corp 

Copies of this booklet “Material Han- 

dling’ may be obtained direct from Lyon- 

Raymond ¢ orp., 23662 Madison St., 

Greene, N 


Steel Castings Chart 


Factual engineering data emphasizing 
the versatility, streng 


of steel castings is incorporated in a Com 


prec ision 


prehensive technical chart now being dis 
tributed by the Stee Founders 


of America as an aid to design engineer l P 
and purchasing Department Engineering regu ation 


statis 


Compiled in connection with the So 


development progran the hart 1 


guide to economl productlo ol ste 


RES OLATOR 


The precision performance of the two-stage 


castings. It comprises a simplified tabu 


lar listing o 


virtu ill general engineer 


Wig 


RegOlator is especially desirable for piped distri- 


bution systems and other applications where large 


volumes of high pressure gases must be controlled 


accurately. 


OXYGEN 

Although prepared  primat rt ACETYLENE 


Two-Stage RegOlator Gives You Plus Performance! 


Constant delivery pressure regardless of drop in 


pressure at the inlet... Patented design incorpor- 


ates nozzle-type first stage counterbalanced by 


stem-type second stage... Triple action cartridge 
filter eliminates troubles usually caused by rust, 


dust or dirt 


Write for complete information. 


Safety Goggles 


« 


pr 
pared by American Optical Sou 


bridge, Muss 


1050 


JANUARY 


te | 
| 
Mm types of steel castings classified a | 
cording to tensile strengths hissenti 
design appheatior irrent sp to 
execut editor educato student 
il others mterested Kal 
Copies mav be m WK 
Donaldsor itive \ Presid | 
Steel Founders’ Society of Amv 120 Pe 
Midland Bldg. Cle 115, O} | 
"Reg Po fae EG 
\ new “How to Set RESO 
ul Conduct a Satet Prog 2 ae 
planning t h or expand a pr 
of through the use « 3 = 201 Per n Av 20, 
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FOR STAINLESS AND 
LOW ALLOY WELDING HELP 


Consult Your Arcos Didtribaten 


@ QUICK SERVICE - a ample local distributor stocks. 
@ ELECTRODE SELECTION - Experienced distributor help on 


proper selection from 56 differ- 
ent grades. 


@ UNUSUAL’ PROBLEMS Distributor can call on Arcos Field 


Engineer. 


ARCOS DISTRIBUTORS 


NEW ENGLAND 


Hartford 6, Conn. 
Boston, Mass. 


MIDDLE ATLANTIC 


Buffalo, N. Y. Root, Neal & Co. 
Erie, Penna. Boyd Welding Co. 
New York, N. Y. Arcos Corp., Phila., Pa. 
New Jersey Arcos Corp., Phila., Pa. 
Philadelphia, Pa. Arcos Corporation 
Pittsburgh, Pa. Williams & Co., Inc. 
Rochester, N.Y. Rochester Welding Supply Co. 


MIDDLE WEST 


Machinery & Welder Corp. 
Williams & Co., Inc. 
Williams & Co., Inc. 
Williams & Co., Inc. 

Denver, Colo. Western Oxygen Company, Inc. 

Detroit, Mich. C. E. Phillips & Company, Inc. 

Fort Wayne, indiana Sutton-Garten Company 

Indianapolis, Ind. Sutton-Garten Company 

Kansas City, Mo. 

Hohenschild Welders Supply Co. 

Milwaukee, Wis. Machinery & Welder Corp. 

Minneapolis, Minn. Machinery & Welder Corp. 


Arcos Corporation 
Arcos Corporation 


Chicago, lil. 

Cincinnati, Ohio 
Cleveland, Ohio 
Columbus, Ohio 


Moline, Ill. 

St. Lovis, Mo. 

Salt Lake City, Utah 
Toledo, Ohio 


SOUTH and SOUTHWEST 


Albuquerque, N. Mex. Industrial Supply Co. 
Atlanta, Ga. J. M. Tull Metal & Supply Co., Inc. 
Borger, Texas Hart Industrial Supply Co. 
Houston, Texas Champion Industrial Sales Co. 
Kingsport, Tenn. .. Slip-Not Belting Corp. 
Oklahoma City, Okla. Hart Industrial Supply Co. 
Pampa, Texas Hart Industrial Supply Co. 
Phoenix, Ariz. Arizona Welding Equipment Co. 
Tucson, Ariz. Arizona Welding Equipment Co. 
Tulsa, Oklahoma Krisman Industrial Supply Co. 


WEST COAST 


Bakersfield, Calif. Victor Equipment Company 
Fresno, Colif. Victor Equipment Company 
Los Angeles, Calif. Victor Equipment Company 
Portland, Ore. 

San Diego, Calif. 
San Francisco, Calif. Victor Equipment Company 
Seattle, 'Vash. J. E. Haseltine & Company 
Spokane, Wash. 


Machinery & Welder Corp. 
Machinery & Welder Corp. 
Whitmore Oxygen Co. 
Williams & Company, Inc. 


J. E. Haseltine & Company 
Victor Equipment Company 


J. E. Haseltine & Company 


FOREIGN 


Hilo, Hawaii 


Toronto, Canada 


Howaiian Gas Products, Ltd. 
H lulu, Hawaii Howaiian Gas Products, Ltd. 


Alloy Metal Soles, Ltd. 


Arc OS corporation 


1500 South 50th Street, Philadelphia 43, Pa. 
FIELD ENGINEERING OFFICES: Chicago, Ill., Los Angeles, Calif., Pittsburgh, Penna. 


Lite rature 


The booklet includes suggestions on 
how to obtain the necessary professional 
services to implement an eye safety pro- 
gram and step-by-step instructions on the 
use of a new Safety Rx Order Book sup- 
plied by the company to industrial con- 
cerns. 

Information in the booklet is based 
largely on existing practices in some of the 
country’s largest and safest industrial 
plants—users of American Optical Co.'s 
“Corrective-Protective”’ service. 

Copies of the booklet may be obtained 
upon request 


Hard Surfacing 


Alloy Rods Co., York, Pa., 
new illustrated 4-page pamphlet describing 
their new electrode—Chrome-Boride—for 
unusual hard-surfacing applications, a 
new contribution to prolonging the life of 
expensive equipment and lowering the 
cost of maintaining it. One of the hardest 
and most abrasive resistant substances 


has issued a 


known is the combination of chromium 
and boron (Chrome-Boride). High cost 
of production and application has hitherto 
limited its use. After int-nsive research 
the Alloy Rods Co. , developed the Chrome- 
Boride electrode which utilizes the terrific 
heat of the welding are over (6000 ° F.) to 
produce this alloy cheaply and in a form 
that makes application easy. The over- 
all hardness of the weld deposit is 68 to 72 
Rockwell “C”’ as air cooled from welding 
in the second or succeeding layers. With 
this extreme hardness the weld metal does 
not respond to heat treatment nor can it be 
machined. If finishing is required it can be 
obtained by grinding. Typical applica- 
tions are: crusher rools and jaws, scarifier 
teeth, dipper teeth, dipper buckets, bucket 
lips, dnl bits, earth-moving equipment, 
dredging and mining equipment 


Heat-Resisting Castings 


Chicago Steel Foundry Co., Kedzie Ave 
it 37th St., Chicago 32, TIL, announces a 
20-page booklet describing Pyrastee! heat 
resisting alloys Te hnical data includ 
ing welding information included 


Weld Brazing 


Uniworld Research orporation — of 
America, 1302 Ontario St., Cleveland 13 
Ohio, in a t-page pamphiet announce 
“Weldbrazing’’ method using steel filler 
alloys instend of the nonferrous alloys 
operating at a temperature of 1950° I 


Welded Overlaps 


Reprints are available of an article 
entitled “New Shoes Not Needed This 
deals with the use of welded overlays for 


salvage and reduction of future wear on 


locomotive rolle r bearing shoes ( Opies 
are gratis. Ampco Metal, Inc., Milwaukee 
15, Wis 


Tur WELDING JoURNAL 
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~ FOR GOOD SERVICE IN GOOD CONNECTIONS 


Get acquainted with the well-stocked 
Tube-Turn distributor in your locality 


He handles the firmly established, quality brand of welding 
fittings and flanges. He handles a wide range of types and 
sizes. He carries a big stock. He knows piping. He is close 
at hand. For his address, write, wire, or phone your nearest 
Tube Turns’ district office. 


TUBE TURNS, INC. 


GENERAL OFFICES & FACTORY: LOUISVILLE 1, KENTUCKY 
Chicage: 600 South Michigan Avenue, Phitadeiphia: Brood Street Station 
Harrison 7-8527 Building, Rittenhouse 6-0722 
Houston: 1704 Commerce Building, Pittsburgh: 300! Grant Building 
Charter 1668 Atlontic 1-8848 
Les Angeles: 447 General Petroleum San Francisco: 26)1 Russ Building, 
Building, Madison 6-3219 Garfield 1-2594 
New York: 150 Broadway, Tulsa: 317 South Detroit Avenue, 
Rector 2-7844 Telephone 2-9193 


Test TURN SEAMLESS WELDING FITTINGS — RANGE OF SIZES 


owt Gauct 
exrea 
DESCRIPTION 
sire 


90° Short Radius Long Radius Long Radius Straight 
Elbow Elbow Elbow Tee 


Reducing Outlet Concentric centri Lap Jo 180° Long Radius 
Tee Reducer uce Stub End Return 


Welding Neck 
Flange 


» SS 


Blind Flange Weld g Socket Flange Lapped Flange Threaded Fiange 
ng 


In addition to carbon steel welding fittings and flanges listed here, the 
complete Tube-Turn line embraces many other metals and alloys—types 
304, 347, and 316 stainless steel, carbon moly and chrome molly steels, 
copper, aluminum, brass, Monel Metal, Inconel, nickel, wrought iron. Ask 
your Tube-Turn distributor for catalogs and other reference material. 
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NEW PRODUCTS 


Miller’s New Products 


At the National Metal Exposition in 
Cleveland, Ohio, the Miller Electrie Mfg. 
Co., of Appleton, Wis., featured in opera- 
tion several welders 

The Miller lightweight portable spot 
welder for stainless and mild steel up to 
'/, in. combines thickness and incorporates 
a new toggle-action tong lever for greatly 
increased tong pressure with a minimum of 
exertion on the lever itself. 

Adjacent to the small 3-kva. spot welder 
was Miller's 10-kva. portable model. This 
unit was suspended in production fashion 
from a counterweighted overhead boom 
and the Welder itself was mounted in a 
new type bail enabling the welder to reach 
into hard-to-get-at corners with «a mini- 
mum of effort on the part of the operator. 

An outstanding feature of this display 
was a completely portable “Heliare” unit 
The unit was mounted on Miller's rubber- 
tired truck and consisted of the a.-c 
welder for “Hiliare’ welding, a timer con- 
trol making the welder suitable for “Heli- 
are spot welding, a water coolant system 
and mounted with the argon tank on the 
truck. The unit as such is completely 
portable and requires only outside con- 
nection to 220-v., single-phase power 
service. The unit as shown can be used for 
metallic are welding, for “Heliare’” weld- 
ing and for “Heliare’ spot welding. The 
Linde Air Products Co.'s spot-welding 
torch or “poke gun,” as it is popularly 
called, was hooked up to this welder in 


actual operation 


Solder Alloy for Bonding 
Aluminum and Ferrous and 
Nonferrous Metals 


A new hard solder-type alloy for join- 
ing aluminum to steel, bronze and copper 
as well as aluminum, is announced by 
butectic Welding Allovs Corp., New York 

Of interest to manufacturers of elec- 
trical aluminum units, delicate or thin 
gage parts, this new low melting, high 
strength alloy is known as ButeeRod 192 
Available in san. coil form 
it is recommended tor sealing cracks, spot 
welds and general soldering of aluminum 
It is especially useful where a solder as 
white as possible is desired 

Many instrument maker especially ot 


ureratt: instruments, requiring thin 
flowing solder, will find EFuteeRod 102 
extremely desirable kutecRod is 
desirable also for electromie and television 


work, where heat lower than ordimary 
silvers is required. Yet where higher 
strength and remelt temperature than soft 
solders are specified, EuteeRod 12 is 
again outstanding. It gives the highest 
strength bond ever obtained between alu 
minum and ferrous and nonferrous metals 


sO 


and all alloys tested in 20 years of Eutectic 
research in this field. 

Bonding temperature of EuteeRod 192 
is 650-700° F., with a tensile strength of 
11,000 psi. and with good corrosion resist- 
ance and excellent electrical conductivity 
It is used with Eutector Flux 192, which 
acts as a temperature indicator, When 
the flux begins to smoke, the alloy is 
applied and spreads out rapidly through- 
out the entire joint. A clean, smooth weld 
without damage to base metal results. 


Aluminum Brazing Wire 


Air Reduction, manufacturer of indus- 
trial gases and welding equipment, has 
announced that No. 718 aluminum brazing 
wire replaces No. 716 

According to Airco, joints made with 
No. 718 wire are more resistant to cor- 
rosion, snd parts required to withstand 
pressure show fewer leaks than with the 
wire formerly sold 

The No. 718 aluminum brazing wire is 
sold in and '/, in. diameters and is im- 
mediately available. The standard pack- 
age for each coil is approximately 55 Ib 

Airco recommends that Elite Aluminum 
Brazing Flux be used in conjunction with 
the new wire. 


Electric Tube Welder 


An electric tube welder has been de- 
veloped by J. B. Borgadt, 2036 EK. Sé6th 
St., Cleveland 6, Ohio, and it introduces a 
new type of electrode, surface-contact to 
convey the current across the seam cleft in 
preformed tubing to luse the metal, and 
many other new improvements. Several 
1 electric re- 


advantages are claimed, a 
sistance weld that may be a flash weld, 
butt weld or modification thereof, as may 
be desired. The weld, in most cases, is a 
fine grain equal, or better than the parent 
metal Free from transient zone, dis- 
coloration adjacent to the weld, recurrent 
welds and inclusions, with small flash and 
up set requiring little finishing to produce 


veceptable tubing 


Vew Produc ts 


Welding current, weld time and pressure 
may be combined and synchronized ac- 
curately in producing a tube weld that 
conforms to correct. metallurgical princi- 
ples and fulfills all requirements of good re- 
sistance welds. Tubing of a number of 
materials has been welded with excellent 
results. 

Carbon steel up to 1045, low-alloy steel, 
alloy steel such as 4130, and_ stainless 
steel, ordinary skelp, also has given excel- 
lent results. 


Spot Welder Stand 


A new lightweight steel stand designed 
to further increase the versatility of its re- 
cently marketed portable and self-operat- 
ing spot welder is now being introduced 
for the first time by Grevhound A.-( 
Are Welder Corp., 606 Johnson Ave., 
Brooklyn 6, N. Y., it was announced re- 
cently. 


When mounted on the stand, foot-lever 


operation frees the operators’ hands, and 
the Greyhound portable spot-welder be- 
comes an easy to use and efficient station 
arv model, according to the manufacturer 
The unit can again be used as a portable 
device by simply removing the two metal 
brackets holding the portable spot welder 
to the stand 

Company executives report that the 
new stand is the result of many requests 
from industrial plants for a sturdy 110 or 
220) port ible spot welder ould 
also be used as a stationar nie vhen 


ever the need arises 


Nickel-Silver Brazing Rod 


All State Welding Alloys Co., Inc., 273 
Ferris Ave., White Plains, N. nt 
announced a new flux-coated nickel-= 
brazing rod for application with the 


acetvlene blowpipe 


This new rod is well described as a 
Purpose of general utility Field t 
14 different metals have indicated its se 
tion wherever bronze rod is nor ‘ cor 
idered. It brazes with higher strengt 
(tensile above ps he 
160,000) psi ind tull machina tv 


less alloy 


Sup rior periorn 


THe Jor 


| 

ihe 

== 


strated on steel, stainless steel, copper 
‘opper Tie kel and nickel 

There is no fuming and no glare as this 
The flux actually bends 
to the rod and will not flake off The rod 
will not bare itself by excessive charring of 


new rod is used 


the coating 
Coated Nickel-Silver brazing rod is 
being made available through All-State 


distributors 


All-Aluminum Swing Line 
Facilitates Loading 
of Tank Cars 


Recently, at the Ohio Oil Co.'s 30,000 
bbl. per day refinery near Robinson, Il 
the filling of tank cars has been « xpedited 
and worker fatigue lessened by the use of a 
newly designed all-aluminum swing line 
It is 12 ft. in length, 4 in 
fabricated with Tube-Turn 


in diameter, 
aluminum 
lding fittings manufactured by Tulx 
Turns, Inc 


fabricated the line was counter weighted 


Louisville, Ky After being 


The discharge end of the line is equipped 

with a Tube-Turn tee, so that the oil is 

directed to both ends of the tank 


onsidera to filling efhierene 


1950 


Distilling Column 


Distilling Column 


Atlantic Corp., of Philadelphia, 
ust welding in the fabrication of this 
5-in. distilling rhe b 
tapers from 6 ft in d to meet the 
2 ft diameter of the straight shell. The 
base and two botton etior f the shell 

dur top sections 
imn is equipped 


work support 
ire both 


Complete Remote Control for 
D.-C. Are-Welding Machines 


Remote control for D. -€ 


cable, ilong Vv h wi cable \ 
special inexpe provided 

cable. 
Phe ibi ’ ‘ me price 


ructions 


to sphee u 


device 


popular 
control 
the holder 
One ot 
switch 

mi othe 


the 


welders 


oo 
SS 
is regu 
ire furnished, and the average 
or maintenance man can install the #5 
ee in an hour or less bh 
The holder prope sa standart 
make and is replaceabl 
Knobs are ted at the back o 4 
unfired pressur vessel, constructed a ry jlouble thy 3 
cording to A.S.M.I xle, Is completely Depending uy hict Lines 
welded except for the bolts mounting the switel turned from tl position, 
! manhole cover The ladder, welded to i with eit! traight or 
ing the columt tl reigl i rate refers and justs the heat i 
} made of mild stee | fabricated weld vith ot nt lhe holder 
ng nd grip ul ; ore than the 
*| Photo and data, courtesy General I he replacement cost of 
‘ there er moving 
| | parts other tl he k the hancle 
on > > 
y Shown herewith are photographs of a ng, th ‘ t the entire 
Control for D.-C. Welk Developed rit ts, the ot fos 
-4 nd patented by the Foster Tr tt tek e, with t ichine f 
( ( nati. O } ‘ et tag i otrol will ay 
cont } ‘ } lo the 
“4 lard ler equip } peel t At present the 
fs yrip With the Do not equip j | 
— ‘ to start ar elding 1 Model L240), Lincoln 
» ind seleet p it egulate the 300 ‘ \lo L, 300) and 
inte ot thet mact Model 1 300 
tl-aluminum swing line Conn the } | ible wv all 
nal th > ‘ o i ding {as 
Weight the al el three No. 20 wit t | ‘ 
cated in the ties } : 
bon-steel pipe and fittings, it id weigl 4 — 
approximately 120 And it would 
Phe minum pipe Tube-Tu 3 
The mp ng | h « 


Air Reduction Announces The blade travels in a circular path with- 
out the use of customary guides and slides 


@ 
Flamecraft Oxyace tylene common with guillotine-type shears. 


Outfit Thus, difficulties from wear at these points 
are eliminated 
Air Reduction, manufacturers of indus- Ball-bearing transfers are provided in of 
trial gases and welding equipment, have the bed, facilitating movement of steel pe 
announced the availability of the “Flame- through the knives. A  motor-operated “os le 


craft” oxyacetylene welding and cutting back gage with slow and fast control but- 
outfit This unit will be marketed as a tons located conveniently at middle front 


“package,” including oxygen and acetylene 


of machine makes it easy to accurately 


cylinders, welding torch, cutting attach- position material to be cut. Beeause the ptional 

ment, tips, regulators, hose, goggles, back gage indicator is readily seen through ponel mounting 

cylinder truck, fluxes, an assortment of the oblong slot in the hold-down beam, ) adoptor 

welding and hardfacing rods and an in- there is no need for the operator to walk . 
struction folder on the proper handling to end or rear of shear to adjust the gage 


and operation of the equipment 

The cylinders are the 60-ft. acetylene 
and the 122-ft. oxygen which were an- 
nounced recently Thev are supplied The shearing action is controlled by an 
with the Flame eraft outht on a lease basis electrically oper ited foot switéh which can 
for a 25-yr. period, the estimated lifetime 
of the eylinders Under the lease arrange- 
ment, demurrage charges are eliminated 
and maintenance of the cylinders guaran- 


and many time-consuming steps are 
thereby saved. This indieator reads in 


inches and 


be moved about the floor to the conveni- 
ence of the operator. The foot switch 
substitutes tireless toe action for tiresome 


knee action re juired by the conventional 


ge believes the Flamecraft outfit will foot treadle which is ordinarily used to FLOGUIDE Meter No 49440 
operate the clutch through mechanical 
make welding and cutting attractive to a means 
whole new field of small-quantity users, Frame and blade are of all-welded steel, 
such as garages, farms, small shops and one-piece construction with the heavy bed 
individuals s extending below the floor. The bed and 
Phe Flamecraft outtit lists for $166.87, crown are welde «ito the end housings thus rT 
less Bits, and may be purchased through forming an integral unit having great tions. The extension ee ‘ “et rh ati 
any of the more than 800 authorized Airco strength. This construction assures mini- tube carries an a urate met ring scale, 
de ilers throughout the country mum deflection and long-time accuracy and indicator below the | ont permits 
direct. reading of flow rate The wide- 
angle scale can be read from within a 180 
are and is also rotatable for mmplete 
Longest Steelweld Shear Gas Flowmeter flexibility of installation 
The Floguide is avail e in capacities 
The longest Steelweld Shear built to A new variable-area gas flowmeter ranging from 45 to 16.000 standard cu. ft 
H date has just been completed by The known as the “Floguide’’ has been de- of carbon dioxide per hour, 200 to 76,000 
} Cleveland Crane & Engineering Co., veloped by the Fischer & Porter Co. The standard cu. ft per hour of hydrogen and 
Wickliffe, Ohio tapered precision-bore metering tube and comparable eapacities for ither gases 
: rhe machine has a shearing capacity of the “float” are fabricated from stainless Although primarily designed for low-pres 
18 ft. of * y-in. mild steel at 50 strokes pet steel. The metering tube is brazed to the sure service floguide meters can be 
minute. Like all Steelweld Shears it cast-iron inlet and outlet fittings, permit- furnished to withstand 600 psig. working 
operates on the pivoted-blade principle. ting simple and attractive panel installa- pressure in all sizes. Maximum operating 
temperature is limited by the properties of 


commercially available packings 


Complete information can be obtamed 
t 

from the Fischer & Porter Co., County 
Line Rd., Hatboro, Pa 


No Slag Removal Electrode 
for Steel 


electrode which welds ‘ bene 
without the need for re g siag 
now being marketed by Eutectic Welding 
Allovs ¢ 10 Wort! 


orp 


without 


whereas onventpona ole I ‘ require 
100 amp. and involve fisk- irning 
Phi 
economical because i a vs th ise 


less expensive rods. 


s reduces disto nd is 


through 


heavier, 


piecework productior Steel-T 
be run fast at higt mper . thi 
depositing electrode with a ver | t ar 
Less experienced welders gain superior 
results because of the wide range of cur- 
rent and various arcs which be used 
is well as the all-position feature of the 


Longest steelweld shear rod: vertices rizontal or dow? 
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sers of the step 


Fleetweld No 


tective envels t supports to the step 
permitting ray to id wooden seat boards lastened 


support 


ning oxides 
i t stadium ey 
stadiur 


(shorn 


furnished 


All-Welded Steel Section Adds 
21.000 Seats to Michigan irine two-stage reduction, is announces 
sults the seat 
Stadium ras upply 


mstant 


200-Amp. Machine-Driven 
Are Welder 


200-amp 


1 welded steel addition around the top of the University of Michigan stadium at dan Arbor, Mich... increases the seating 
capacity to 97,000, making this the world’s largest university-owned stadium 

Steel step section= in. thick and approximately 15 ft. long, are welded solidly and continuously to each other all the way around the «tadium 
vith an estimated 12 miles of welds 


JANI y 


\ new leveloped Eutectic FrigidAr vertical welds on the step 
flux coating is responsible for the unusual section were made with “It gORCRWEL 
and different performance this ‘ —_ 
trode It forms a p ' : 
around the weld are Mossle 
epening 
deposit free of weake plete he all- Ge 
to stop or ind the welded exten 
he simp velds mght ove the previous ere designed by the of 
pass " strong, high-quality weld Cleveland The stee | 
The elimination of chipping therefore con erected and welded Whitehead and [- / ( | 
stitutes ince there ist Kak Detroit. Genera ontract : 
danger to the welder s eves vas Henry de k g Construction ¢ 
Because of is factors of high Ann Arbo 
speed, less f ied and better he 
qualit veld, 11 tual cost o wot = 
per-weld th Steel-Tectic is lower thar Seating 
he 
\ new type of welding and cutting 
To ommodate the lova ums) and Its price is substantially less than the 
not s ils o s famous erage stage regulators 
Wolverine foott te the Universit n slight Explanator eratu the Toreh 
of Michigan at Ann Arbor, Mich., has tin single-stage regulators. Maintenanes "6500" may led 
vest ur stadiur it to its simplified brar ee \ if ‘ lealers 
or | gy ti ( ler Gas j 
world ncereasing irget lesign at igged constru 

capacit 76.000) nereased recent ‘ rporate pressure I 
to U7 000 the tn all-welded mipensating unit the vaive seat as 

| 
conerete stadit reasing pressure Heretofore, { 
Steel plates ! hick, were formed rding to N.C.G. engineers, only the i g 
Inte Kle-step se ind then shop tw tage regulator, with its relatively 
welded to 4d-step units These 4-stey plex constru n of two regulators i Air Reduction, manufacturers of indus ' <q 
units wu i ere i together in tl rie “i has been able to mamta con- trial gases and welding equipment, have ae 
studiut | ed steel step se tant delivery pr ire, despite the de announced tl test addition to their line o, 
wit eld to the sect y thdrawt ler Hornet “Spe 
tn the The pre Det unit +} } } ompact 
substruct ed ‘ y sk at the bot Phe 36A generator hich | elding - 
There w ta 12 tie het est range ZU 200 amp. at, 
ot we 7 Der | otwe t} lithe | k p of th features th y 
the f \ ‘ lone with gulat lio Phe 36A is built as a 
| y nd ( t ly ire | tted t tw gunit. Close “J ed precision 
The |} t red the ha ‘ hiel t thes ily g i mu vad safety an 

butt between stey rifice tl Double shields gs dirt-free and 

x 

Vew Product 


Simplified Current Control 
wheel mounted on the panel shows ac- 
curate current markings 
by setting the pointer located in the center 
of the wheel This hand wheel has five 
with ample overlap to insure 


Phe control 


readily obtained 


fine settings from minimum to maximum 
out puff, the machine. The need for 
meters 4s eliminated. 

Self-Contained Exciter The 36A is a 
self-excited generator with excitation of 
the main field supplied by an auxiliary 
brush. This insures instant recovery volt- 
age over short circit 

The Hornet “Special” is 58'/, in. long 
25°/, in. wide, 47 in. high and weighs 825 
Ib. It comes equipped with a full-length 
drip-proof canopy. <A lifting eve is pro- 
vided on top 

Two-wheel, trailer-type running gear 
with 4-ply pneumatic tires and a 38 in 
long drawbar, is available as optional 
equipment. The Wilson Hornet “Special! 
is immediately available 

For further information, write Air 
Reduction, 60 E. 42nd St., New York 17, 
N. Y., or the Aireo sales office nearest vou 


Tempil> Pellets 


132 W. 22nd St., 
announces the de- 


Tempil Corp. 
New York 11, N.Y 


velopment of additional high-temperature 
ratings of Tempil”® Pellets to indicate 
2100, 2200, 2300, 2400 and 2500° I 


Beginning with 113° F., Temy 
are now available in 12 steps to 400 
F., in 50° steps from 400 to 2000° F., and 
in 100° steps from 2000 to 2500° I 

Tempilstiks°, the cravon form of tem- 


perature indicator, are 


responding intervals from 113 to 2000 


F.; while Tempilag®, the paint form of 


indicator, is available is 


temperature 
similar steps from 113 to 1600° F. only 


CURRE 


VT WELDING PATENTS 


2,485,790 Mernop of Percussive 

Inc Winfield J. Trott, Detroit, Mieh., 
General Motors Corp., 
a corporation of Dela- 


te 
Detroit. Mieh 


ware 


Trott's welding method involves the 
step of discharging a storage condenser 
that is connected to two mombers in 
spaced relation by causing one member to 
approach the other at an appreciable 
speed. The second member is lightly frie- 
tionally supported so that upon contact of 
the two members there will be maintained 
a substantially constant engaging force 
during the welding action 


2,486,092 Evecrrope 
Bernardus Maria v Amelsvoort, 
Kindhoven, Netherlands, assignor to 
Hartford National Bank & Trust Co 


Hartford, Conn., as Trustee 


This electrode holder includes an in- 
sulating handle in which a supply elee- 
trode is housed A welding eleetrode is 
positioned at an angle with respeet to the 
insulating handle and an insulating mouth- 
yece surrounds the welding eleetroce 
The mouthpiece is engaged with an aper- 
ture ina resilient clamping member carried 
by the insulating handle and the mesulating 
mouthpiece may be manually adjusted 
toward or away from the insulating handle 
or be completely removed trom the as 


sembly without the use of 4 tool 


Si 


Printed copies of patents may be obtained for 25¢ from the Commi 


prepared by }. L. Oldham 


2.486.274 Generaror Sarery 
Cimevrr Harold J. Graham, Boston, 
Mass., assignor to Graham Mfg. Corp., 
Detroit, Mich., a corporation of Michi- 
man 
The welding generator of this patent 

has an exeiting cireuit including a field 
winding for magnetizing the generator and 
a switching element for interrupting the 
exciting cireuit is provided A control 
circuit that is responsive to the action of 
the welding electrode ts provided for caus- 
ing the said switching element to inter- 
rupt the exeiting cireuit of the generator so 
that the weld is completed by energy sup- 
plied from the generator during the col- 
lapse of the magnetic field of the genera- 
tor field winding 


Corrine or anp 
Tuereror— Curtis R 
Henry, Youngstown, Ohio, assignor to 
Valley Mould & Lron Corp., Hubbard, 
Ohio, a corporation of New York 


This cutting method relates particularly 
to ferrous metal castings having carbon 
present in the form of free graphite 
throughout the metal. The method com- 
prises subjecting the metal to an electric 
are from a coated ferrous electrode Oper- 
ited at an amperage of at least 300 


2,486,319 Apparatus FOR MAKING 
CLoseLy Sracep Spot Weios— Erie J 


Opitz, Pleasant Ridge, Mich., assigner 


Current i elding Pate nits 


ner of Patents, Washington 10, D.C. 


to General Motors Corp Detroit 
Mich., a corporation of Delaware 
This special type of apparatus ts adapted 
to produce a line of spot welds with a mini- 
mum of spacing between the welds \ 
plurality of support brackets are provided 
OD Opposite sides of a vertical plar 


eiding with the proposes 
Kach bracket positions 


trodes which are pivo supp 

with the eleetrode support means pro- a 
vided and power means engag with the 

insulated tracks to move the electrodes to 

and from a work-engaging position 

2,486,331 -Seor Aprarat 


tobort A Bloomsburg, Pa 

assignor to American Car & Foundry 

Co., New York, N. Y., a corporation of 

New Jersey 

This spot welding apparatus includes a 
frame having « plurality of sides, wit! 
electrode tip being carried on at least t 
of said sides 
its respective side to varv the relative 
spacing and angular relationship of the 
tips and a sures welding current 1s 
connected to the cleet rode 


leads 


2,486,592 
Forssmark and Lewis M 
Warren, Ohio, assignors t 
Machine & Welder Co 


corporation of Ohio 


Shields 


ach tip is shiftable along 


tips by flexible 


THe JouRNAL 


‘at 
xe -B. H 
ren, 4 
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This patented machine includes the com- z lame-hardening head includes two 
bination of a revolvable member and longates lant chambers in the head 
means for maintaming the contour of the ‘onduit me connect individually t 
revolving member Leaf spring means different coolant chambers fo lving ignor to Fib etal Products Co., 
urge the contour maintaining means in a differs ty quenching partnership consisting of 
direction toward the revolvable member eret det ¢ ing re tormes m the ederi owers, Chas. | Bowers 
t chambers 
Wetpoina Hoop —Earl ! This patent relates to an auviliary eve 
lf, Milwauk Or 2,487,462 » or ( ‘ and ce shie i that | otally mounted 
it tot tremit i strip which 
ean itself b cured to the head gear of a 


coolatr 


pecial type of a welder’s hood has a 


pper hood section and permit 


2,488,101 i LDING oF Mevat 
england 

& 

Wire metal in cor et Det nt or twe he t connects to one side of a 
anp Metuop— Wm. 8. South- ca d together and bringing ansiormer secondary nd sup- 
wick, Kast Lynn, Mass issignor to Trent to pass belv Une t out ited carbon 
Thomson Electrie Welder Co., East three metal members so as to melt the ectrod bracket is connected to the 
Lynn, Mass., a corporation of Mass ower meting int material iter 3 side of the transtormes CONCALY 
form 1 winding and pivotally mounts two arms 

This patent covers a specialized type of tablished across the entire faces o thereon with the arms each carrying a 
wire fabric welding device and method two metal pieces to I welded tog : carbon electrode so that each of the two 


i by pressure from th 


irer and release of such pressure 


last-mentioned electrodes cooperate with a 

2,487,430--Fiame Harpentnc Heap reased to remove the contact met corresponding electrode on the metallie 
Edgar M. Fein, Wellington, Kans., as- etweer etal faces to elded and base. The two electrodes of each pair can 
signor to Cardwell Mfg Co Ine fect fusion o wv surface vers of such be adjusted toward or away from each 


Wichita, Kans face other 
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NOT IN SECTIONS 


Baker, John C., Jr. (D 
Ballou, C. J. (D 

Brown, Lee P D 
Calvin, Bill (D 

Denison, Charles (D 
Dickson, B. B. (D 
Dombaugh, Keith D. (D 
Engle, Charles R. (D 
Ericson, Gene 8. (D 
Evans, Duane (D 
(Graves, Albert H 


Hakanson, Harold R. (D 
Headrick, Lewis L. (D 
Keene, Arthur William Jr. (D 
Lopez, Gerardo (B 
Marti-Balaguer, Leopoldo 
Morgan, Robert kK. (D 
Schmidt, Ernest J. (D 
Schroll, James R. (D 

Sheets, Don R. (D 

Thowe, Harry M. (D 
Turner, Julius F., Jr. (D 
Wilson, Philip W. (D 
Yeates, Richard Potter (D 


Members 
Reclassified 


During the month of 
November 


ANTHONY WAYNE 


Scheiber, Benedict H. © to B 


WASHINGTON 
MePherson, Bernice M. CC to B 


NE 


OV ACTIVITIES 


inthony Wayne 


The November meeting of the Anthony 
Wavne Section was held on Friday, the 
lith, at the Fort Wayne Chamber of Com- 
meree Bldg. Following a Buffet Dinner 
which started at 6:30 p.m., the members 
and guests were entertained by Richard 
Stoner, Magician His repertoire of magic 
tricks and slight of hand was exceptionally 
good 

J. Colin Smith, regional manager ot the 
Aluminum Company of America, then 
introduced the technical speaker for the 
evening, G. O. Hoglund of Aleoa. He first 
presented an Aleoa movie pertaining to 
the manufacturing of aluminum plates, 
sheets, foil, castings, forgings, ete. He 
then spoke on “Welding the Aluminum 
Allovs,”’ illustrating his talk with slides 

Mr. Hoglund explained the various 
loving elements used with aluminum, 
their effeets on the physical properties, 
ind the weldabilitv. of the 
illovs 


welding, heli-are welding, resistance weld- 


consequent 
diseussed are welding, gas 
ing, brazing and other welding applica- 
tions of aluminum and explained where 
und how these various procedures should 
be used 

Mr. Hoglund ended his talk with a film 
\ most interest- 
Follow- 
ing the close of the meeting, a number c* 
those in attendance staved to talk with 
Mr. Hoglund on their personal problems 


on Aluminum Brazing 
ing diseussion period tollowed 


relative to his subject and examined a 
number of samples furnished by Alcoa 

There were 51 in attendance at dinner 
and 62 at the technical session It was 
the consensus of opinion among the “regu 
laters’ that this meeting was one of the 
best to date 


Arizona 


The Arizona Section held its monthly 
meeting for the month of November on 
the 16th at the Westward Ho Hotel, 
Phoenix. There were about 35 at the 
dinner meeting After dinner Lawrences 
Tenes gave a very interesting talk on cost 
control in welding. Mr. Tenes is con- 
nected with the Consolidated Western 
He has had a great 


Steel Co. in Phoenix 


prepared by C. M. O'Leary 


deal of background in his subject having 
worked for «a number of vears for the 
General Eleetric Co., Se henectady His 
talk prompted lively diseussion which 
lasted for an hour and a half. Following 
Mr. Tenes talk, four films furnished by 
Aleoa on the various means ol welding 


aluminum were shown 


Atlanta 


The Atlanta Section held its first meet- 
ing of the 1949-50 season on October 20th 
Speaker was Ben Askew of the Georgia 
Power Co., who spoke on “Power Supply 
for Welders 

The meeting was presided over by 
Walter Campbell of the General Electric 
Co., program committee chairman \p- 
proximately 25 were in attendance and 


enjoved a fine dinner and a splendid talk 


Birmingham 


November dinner meeting was held on 
Thursday, the 10th, at the Redmont 
Hotel The speaker was Lew Gilbert, 
Editor of Industry and Welding, whose sub- 
ject was “Check Your Maintenance Weld- 
ing Mr. Gilbert has had wide experi- 
ence in manual and automatic welding and 
is author of several papers on the subject, 
the most recent being “How to Choose and 
Use the Fleetrode 


Cincinnati 


The regular monthly dinner meeting 
of the Cincinnati Section was held on 
September 27th at Manchester Hotel 
Middletown, Ohio 

Following dinner there was « plant visit 
to The United Welding Co i new and 
very well-equipped plant for fabrication ot 
heavy weldments Diesel engine frames 
ind machine bases are some of the items 


United Welding 


manufactured by the 
Clo 

The October meeting was held on the 
25th. Fred Turnill, President of Turrill 
Ir ilso operator of a school for the 


teaching of welding operators, gave a fine 
talk on his experiences in this field, what 
they have accomplished and what the 


future holds in store for welding schools 


Section Activities 


Cleveland 


elung Was 


The regular monthly 
held on November Oth at the Cleveland 
Societ\ Dinner speakers 


Harris 1 Miss 


Engineering 
were Miss Cheertu 


Bertha Merriman, who gave an illustrated 
talk on “Postwar Europe 

Technical speaker was ©. C. Peck, of 
Cecil C. Peck Co., who spoke on “Tooling 
for Automatic Are ig \ film 


lding 
“Designing Machinery for Are Welding 


was shown through the vuurtesy of The 
Lincoln Eleetrie Co \bout 150 members 
and guests thoroug! nioved the meet 
ing 


Colorado 


W. R. Grunow, Dx ent i Sales 
Engineer, Alleghenyv-Ludlum Steel Corp 
was the guest speaker att \ er Sth 
meeting held at Silver Wing I Denver 
His subject “Welding of Stainless and 
Chrome Nickel Steels) was o siderable 
interest to the aucic I 
film on Stainless st shown in 
conjunction with the talk 

This was the first y where the 
new officers tt J I 
Chairman and | I J = Vice 
hairman Phe new i nier 
ship have pledged the 


the Colorado ™ 


members 


Columbus 


The Novem Lit ' “ the 
Columbus Sectio vreat success 
Dinner speaker Wm. Wo Mur 
Chairman of the Board ot Trustes f the 
National Certified Pipe Welding Bureau 
spoke on the activities of tl Bureau 
Mr. Murray was plied juestions from 
ill sides on the what, wi 5 vh 


the 

P. Everhard, C1 f the Tecl 
meal Committee of t National Cert 
fied Pipe Welding Bureau, spoke on the 
Current Practice t 


> 


Piping. He explained the va is tests 
welders must make t e able to weld on 
pressure piping. Hs ~) talked of the 
erection practices of tl Wi \. Pop 


Co., Chicago 
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COA ELECTRODES AND WIRE 
FOR FAST, ECONOMICAL 
ALUMINUM WELDING 


WORLD’S LARGEST STOCK OF ALUMINUM WELDING SUPPLIES | 


A local or L. D. phone call will put you in touch with 
a good man to know... your Alcoa distributor. He 
carries the world’s most comple te stock of the world’s 
brazing sheet and 


best welding supplies. Flux — solder 


wire —electrodes— wire. All made by the men who 


know aluminum best. All consistent in quality and 
dependable in performance. If there is no Aleoa 
distributor near write Aruwinem Company of 
Amertca. [944A Gulf Building, Pittsburgh 19, Penna. 


ALCOA DISTRIBUTORS NATIONWIDE: 


vou. 


Atlanta, Georgia 
©}. M. Tull Metal & Supply Co., Inc. 


Baltimore, Maryland 
@ Whitehead Metal Products Co.. inc. 


Boston (Cambridge), Massachusetts 
@ Whitehead Metal Products Co., Inc. 


Buffalo, New York 
© Brace-Mueller-Huntiey, Inc 
©@ Whitehead Metal Products Co., Inc. 


Charlotte, North Carolina 
© Edgcomb Steel Company 


Chicago, 
© Central Steel & Wire Company 
© Stee! Sales Corporation 


Cincinnati, Ohw 
© Williams & Company, inc 


Janvary 1050 


Cleveland, Ohio 

© Williams & Company, inc 
Columbus, Ohio 

© Williams & Company. Inc 

Dallas, Texas 

@ Metal Goods Corporation 

Detroit, Michigan 

© Steel Sales Corporation 

Houston, Texas 

@ Metal Goods Corporation 

Kansas City, North, Missouri 

Metal Goods Corporation 

Los Angeles, California 

© Ducommun Metals and Supply Co 
© Pacific Metals Company, Ltd 
Newark, New Jersey 

Whitehead Metal Products Co., inc 


Wew Orleans, Louisiana 

© Metal Goods Corporation 

New York, New York 

© Whitehead Metal Products Co., Inc. 
Philadelphia, Pennsylvania 

© Edgcomb Steel Company 

© Whitehead Metal Products Ce.. Inc 
Pittsburgh, Pennsylvania 

© Williams & Company, Inc. 

Portiand, Oregon 

© Pacific Metal Company 

Rochester, Mew York 

Brace Muelier-Huntiey, inc. 


San Francisco, California 

© Pacific Metals Company, Ltd. 
Seattie, Washington 

© Pacific Metal Company 

St. Lowis, Missouri 

@ Metal Goods Corporation 
Syracuse, New York 

© Brace-Mueller Huntley, inc 

©@ Whitehead Metal Products Co 
Toledo, Ohio 

© Williams & Company, inc 
Tulsa, Oklahoma 

@ Metal Goods Corporation 
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Dallas 


C. B. Voldrich, Chief Welding Engineer, 
Battelle Memorial Institute, addressed the 
November 16th meeting, on “Recent De- 
velopments in the Welding of Aluminum.” 
Forty-two illustrative slides were presented 
with Mr. Voldrich’s lecture. The entire 
attendance was especially well pleased 
with the newness of information disclosed 
by the speaker 


Dayton 


The November 16 meeting of the Day- 
ton Section consisted of a tour through the 
Deleo Products Division of General 
Motors in Dayton. The group of seventy- 
five members and guests found the in- 
spection trip most interesting and educa- 
tional 

In the fractional horsepower and in- 
dustrial motor divisions, the group saw in 
operation stator blanking, stator assembly, 
stator winding, rotor assembly, final 
assembly and testing. The many inter- 
esting welding operations in this division 
included motor frame seam welding, rotor 
and ring automatie carbon are welding, 
stator hot riveting and induction heating 


of rotors 


In the shock absorber division, the tour 
included shock chamber fabrication, piston 
issembly and final assembly Among the 
welding operations in this division were 
spot welding mounting rings and studs to 
end cups, rolling and seam welding tubing, 
induction hardening piston rods, seam 
welding seal covers to reservoir tubes and 
seam welding dust shields to cover plates 

The power distribution system for the 
plant was also described to the group 
Phe power transformers are mounted in a 
penthouse atop the main building, from 
which the welders are fed directly through 
concentric welding cable, keeping line 
drop to a minimum 

After the tour, the quests were treated 


to refreshments 


Detroit 


The regular monthly dinner meeting of 
this Section was held on November T1th 
in the Engineering Society of Detroit 
Martin P. Korn, consulting engineer, out- 
lined in simple language the structural 
behavior picture of the rigid frame. — [hus- 
trating his lecture with a fast-moving 
panorama through the use ol sketches and 
slides a history of living structures repre- 
senting vesterday, today and tomorrow 
Both riveted and welded frames were con- 
trasted to show why welded frames are 
better, smaller and therefore less expen- 
sive. He focused a spotlight on each of 
their distinguishing characteristics in a 
manner which proved Thost provocative 
ind highly educational to both profes- 
sionals and students alike. Mr. Korn built 
his first rigid structure of concrete as long 
wo as 1910 and he has been a student of 
the rigid frame ever since. 


Hartford 
The November dinner meetit Was held 


on the I7th at the Roekledge Country 
Club, Hartford A. N. Kugler, Mechani- 


SS 


eal Engineer, Technical Sales Division, Vr 
Reduction Sales Co., presented an inter- 
esting talk on “Aircomatic Welding 

A semiautomatie inert Are Welding Proc- 


Houston 


The Houston Section held its October 
dinner meeting on the 20th at the Ben 
Milam Hotel J. E Young, Jr., of the 
General Metallizing Co., spoke on the 
subject, “Metallizing.” A lively discus- 
sion followed 

\ movie, “Football Hilites of 1948" was 
shown through the courtesy of the Humble 
Oil Co 

The November dinner meeting was held 
on the 17th at the Ben Milam Hotel 
C. B. Voldrich of the Battelle Memorial 
Institute, spoke on the “Recent Develop- 
ments in the Welding of Aluminum.” 
Interesting discussion followed. 

A movie “Trip Through Alaska’ was 
shown through the courtesy of the Gulf Oil 
Co. 


Indiana 


The September 23rd dinner meeting 
was held at the Citizens Gas and Coke 
Utilitv, Prospect St. Plant, Indianapolis 
A talk on “The Manufacture of Coke and 
Gas” was given by Karl Kick \ moving 
picture was shown, followed by a plant 
tour, which was very interesting 

The October 28th dinner meeting was 
held in the Deleo-Remy Plant Cafeteria, 
Anderson. Plant tour was followed by a 
talk by Joe White, Horn Engineer of the 
Deleo-Remy Co., on “The Development 
of the New Horn with Particular Reference 
to Wi Applications 

Trip and talk were extremely interesting 
due to the unusual welding applications 
with respect to the Horn manufacture. 
Through use of Resistance Welding, cost 
has been reduced in a number of parts, 
number of operations and almost total 
elimination of adjustment 

The November I8th dinner meeting 
was held at Buckley's Restaurant, Cum- 
berland, Ind 

Technical speaker was R. M. Wilson of 
the International Nickel Co Mr. Wil- 
son's subject was the “Welding of Nickel 
and High Niekel Alloys.” A film on the 
subject was also shown 

The film, while of great interest, covers 
a lot of ground, and would require several 
showings to get the most benefit of it 
It starts from the ore through all twpes of 
refining and processing for a number of 
types of nic kels and nickel alloys 


Lehigh Valley 


The regular monthly meeting of the 
le high Valley Section was held on Mon- 
day, December Sth, at the Hotel Bethle- 
hem, Bethlehem, Pa. J. R. Fairhurst, 
Vice-Chairman, presided. A. B. Kime, 
regional Supervisor of the Ransome Divi- 
sion, Worthington Pump and Machinery 
Corp., Dunellen, gave an illustrated 
talk, “Positioning for Welding.” 

Mr. Kime discussed the increased pro- 
duetion by the use of positioners, deserib- 
ing various typical applications where all 
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welling can be done down-hand with 
larger electrodes, making possible a redue- 
tion in welding time per unit. A lively dis- 
cussion period followed the talk. 

A dinner meeting preceded the technical 
session and a sound film entitled, “Luken- 
weld” was shown through the courtesy of 
the Lukens Steel Co., Coatesville, Pa 


Los Angeles 


Thursday evening, November 17th, the 
Los Angeles Section held its regular 
monthly dinner meeting jointly with the 
American Society for Metals 

The speaker was Hugo W. Hiemke, 
owner of California Alloy Products Co., 
and welding consultant of South Pasadena, 
Calif. Mr. Hiemke spoke of the subject, 
“Welding of Products from the Metallur- 
gical Viewpoint.”’ 

With the aid of slides, manufacturing 
procedures employed in many local plants 
were shown and the metallurgical problems 
encountered due to welding were discussed 

During the question-and-answer session 
following the talk, considerable interest 
was shown in alloy welding problems which 
was expertly handled by the speaker 


Michiana 


\ joint dinner meeting of the Michiana 
Section, A.W.S., and the Notre Dame 
Section, A.S.M_., was held on Wednesday, 
November 9th, at Notre Dame Dining 
Hall, South Bend, Ind 

“OF all the brazing furnaces installed by 
our company in plants making materiel for 
the last war, not one was returned to the 
furnace pool at the close of hostilities 
This statement was made by N. K. Koebel, 
Lindberg Engineering Co., Chicago, the 
speaker, and gives some idea of the favor 
which this method of metal joining has 
found in the last few years 

Mr. Koebel gave a general résumé of the 
field of furnace brazing, comparing it to 
toreh and induction methods, and outlin- 
ing the advantages of each. He also gave 
the uses, advantages and disadvantages of 
the various types of brazing materials, 
copper, brass, silver solders, phosphorus 
copper and aluminum. A number of 
slides were shown illustrating many typical 
jobs which have been furnace brazed 
quickly and cheaply 


Louisville 


Van Rensselaer P. Saxe, Consulting 
Engineer, Baltimore, Md., was the guest 
speaker at the November 22nd meeting. 
His talk on the subject of “Some Interest- 
ing Welded Structures” was well illustrated 
with lantern slides showing many recent 
are-welded structures and buildings 

Mr. Saxe pointed out that in spite of the 
reluctance of some steel fabricators and 


structural engineers to design for are 
welding, the method had proved to be both 
safe and economical. On one large 


building a saving of 869,000 was made by 


changing from a riveted design to an are- 
welded design. One eastern city found 
that 20% could be saved on the cost of the 
steel girders for a speedway when fabri- 
cated by are welding rather than by rivet- 


Ing 


THe JOURNAL 


: 

f 


After 
talk, a 
“Atomic 

The evening closed with a social hour and 
a Dutch lunch 


discussion pe riod following the 
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the speaker a Mone! “Norma” pencil, 
engraved 


Puget Sound 


The October dinner meeting was held 
on the 13th at the New Washington Hotel, 
Seattle, with an attendance of about 60. 

\ Coffee Talk feature was a review of the 
paper “Economie Electric Are Welding” 
which appeared in the September Jour- 
naAL. This paper by Mr. Oecestreicher of 
the Harnischfeger Corp., was reviewed by 
EE. M. Rutt, local Welding Engineer of the 
same company \ very good discussion 
followed. 

The main speaker was C. A. Ross of the 
Puget Sound Navy Yard, Bremerton, 
Wash. His subject, “Welding Inspection” 
provoked an unusual amount of enthusi- 
astic discussion by the audience 

Present was Prof. Gilbert 8. Schaller, a 
Director, who gave short talk outlining 
the aims of the Socrery 


Rochester 


The Rochester Section held its monthly 
meeting on Monday, Nov. 21, 149. A 
dinner preceded the meeting at Guy 
Michael's Restaurant 

The meeting was called to order by 
Chairman Walter Kazoraski, who named 
ind introduced the new members. A 
movie, entitled “Seventh Wonder” showed 
the Panama Canal and the manipulation of 
the locks, very impressive engineering 
achievement 

\ Susilio, Chief Metallurgist at 
General Railway Signal Co., Rochester, 
N. Y., was guest speaker 
duced by Vice-Chairman Herbert Fetter 
Mr. Basilio’s subject was “Hard Facing 

The speaker outlined the subjeet by 
pointing out that whereas nature renews 


He was intro- 


herself by growth, man-made machines 
wear out, and that hard facing was one 
good method by which more economical 


use could be mace ivailable materials 


The subjects ot veur ind “hardness 
were defined and the limitations inherent 
in the definitions and lack of precise knowl 
edge of some of the tors involved were 


discussed The importance of evaluating 


ill factors and ser onditions Known 


to aflect the ve the part question 


prior to choosing any one of several types 
of hard-facing materials was stressed. 

A number of slides and wall charts were 
shown which indicated compositions, 
physical and mechanical characteristics 
and microstructures of typical materials 
in each of the four or five main groups of 
hard-facing materials 

\ discussion period followed. 

Mr. Basilio’s address was well received 
and applauded by all with a rising vote of 
thanks 


San Francisco 


Dinner meeting of the San Francisco 
Section was held on Monday, November 
28th, at the Engineers Club 

Processes of welding pipe at the new pipe 
mill of Basalt Rock Co.’s plant at Napa 
and the Kaiser mill at Fontana, soon to be 
placed in operation, were outlined by 
Richard Aubrey, assistant to the vice- 
president in charge of operations at Kaiser 
Steel Corp 

Mr. Aubrey stressed the importance of 
careful testing all the way through the 
processes, stating “From the time the ore 
hits our pl int it goes through 167 tests we 
think have something to do with making 
pipe 

He described the magnetic tester, where- 
by any defect is shown by a life in powder 
after the pipe has passed through the 5- 
roll straightener is “one of the latest 
developments in high-quality resistance 
welded pipe,” explaining that the test is a 
Magna-Flux method of handling — pipe 
continually as fast as it is produced 

R. L. Asquith, assistant general sales 
manager for Kaiser Steel Corp., reviewed 
marketing of pipe, pointing out that the 
Fontana mill is producing today at design 
capacity, turning out 60% in galvanized 
pipe which ends up as building material 
ind the other 40 as black pipe for sale 
to the utilities 

\ film showing production of steel and 
steel products, “More Things for More 
People” concluded the program 


Tri-State 


The November 17th dinner meeting was 
held at) Boekelman’s Evansville Ind 
Harold Baldwin of LeTourneau, prese nted 
in instructive talk on “Welding Codes, 


Procedures, Electric Rods and Jigs.’ 
Slides were used for illustration 


Washington 


Following is the schedule of meetings for 
the remainder of the 1949-50 season 

Jan. 31, 1950: Club 400, 8:00 P.M., 
“Engineering and Code Requirements for 
Welded Pressure Vessels Harry © 
Boardman, Director of Research, Chicago 
Bridge and Iron Co 

Fes. 28, 1950: Club 400, 8:00 P.M 
“Welding of High-Temperature Alloys, 
R. D. Thomas, President, Arcos Corp 

Mar. 28, 1950: “Prefabrication ol 
Steel Homes and Mill Buildings,’ Robert 
H. Pool, Superintendent, Electrical Dept., 
Truscon Steel Co 

Apr. 24, 1950: Thirteenth Anniversary 
Dinner. Speaker O. B. J. Fraser, 
Director of Technical Service on Mill 
Products, International Nickel Co., and 
National President, American 
Socrery 


Worcester 


Seventy-five members and guests of the 
Worcester Section turned out for the 
November 30th meeting to hear Lew Gil- 
bert, Editor of Industry and Welding, pre- 
sent a paper on Maintenance Welding. 

Mr. Gilbert contended that mainte- 
nance welding, long relegated to a position 
of unimportance--as compared with pro- 
duction welding— has finally been recog 
nized as a major factor in production. — He 
pointed out that in the maintenance ot 
machinery and equipment, welding is 
often more important from standpoint 
of time saved than that of actual matertal 
saved. Repairing broken machine parts 
which cost only a fraction of the price of a 
new machine, results in substantial sav 
ings; but of more Importance is the fa 
that repairs can be made immediate 
saving davs and even weeks of waiting tor 
replacement parts 


Slides showing activities of maimtenance 


welding departments of such industries 


is food, rubber, paint, drugs, ete., proved 
of great interest to the audience Empha 
sis Was placed on safety and mifort of the 


welding oper itors, resulting wu mer 
production 

A film “The Making of the Ne York 
Yankees rounded out ve excellent 
program 
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The internationally known book on the above subject originally written by Henry & Claussen 
has been completely revised, enlarged and brought up to date by G. E. Linnert. A book of 
505 pages, handsomely bound, price $2.50. Order your copy now! American Welding 
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Sponsored by the American Welding Society and American Institute of Electrical Engineers 
American Institute of Mining and Metallurgical Engineers, American Society of Civil Engineers 
American Society of Mechanical Engineers, and Society of Naval Architects and Marine Engineers 
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Welding Research Council Elects Vew Officers 


\ MEETING of the Welding Th irst ‘ = budget was therefore of il rchitects and Marine Engi- 
Research Council held in New York we second year’s budget jumped neers tually, however, there are a 
on November 3 Harry ¢ Board t TT than $20,000 The budget number of other societies that participate 
g as Viee-Chair- grew rapidly in recent ears has t if ‘ ounce! cluding the 
Council, was elected Chair imounted to w over one-quarter of a erican wiet for etals and the 
Comfort A. Adams, who has million dollars annuall wrican Society fe sting Materials 
rving as Chairman of t ouneil ‘ ly tl i t of th ouneil wts 
its Inception, was elected the repr nts only a fraction o ts total ‘ ld re 1 department fe th 
newly created position of Honorary Chair rat rreat deal of the researcl jumb track Ociatior ich as the 
man Dr. A. B. Kinzel was elected as work dome 1 the laboratories of com rericatr n and St nstitute, the 
Viee-Chairman of the Council es wit rT members of Project merical tute of Steel nstruction, 
( A. Adams at- om tt ( t These labora ( encan Petroleun stitute, and the 
isked the Council t ert of 
for relieving him of 
onnection with the 
Chairmanship of the Council 
In 1935 the Welding Research Council 


was created by The Engineering Founda truetur ‘ ritter ilse lear rea tion of the is quite 
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tion at the request of the American WELD thro th itior ft ounel imple ome ke itiv serve 
ING Sociery and the American Institute nm te value of research so publis as the ul ! bady de 
f Electrical Engineers to foster ind te re t nm one ollars termines the broud em poles ol 
stimulate cooperative ims the ven t figure does not include the mune! pproves tl initiation of 
welding field and to devo fir tten the time and travel of the cientist new projects and defir their scope ol 
tion to eritieally revi r t velding fhhiated wi the various pro ol the thes procedure 
literature In order all of ‘ ‘ prove the I | budget By 
the welding research activities into one ! ‘ t ent n ‘ iat ror itl re handled 
body the American Soctery plies effort operative arrange ecut The 
discharged the American Bureau of Weld ts hav established wit im screntil ) 1 iminmistered DY care 
ing and transferred the University Re 
search Committee to the Welding 
search Council Some uncompleted ae 
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Fuller, T. S., Engineer-in-Charge, Works 
Lab., General Electric Co., Schenee- 
tady 5, N. Y. 

Green, Walter L., Vice-President, Ameri 
can Bureau of Shipping, 45 Broad St., 
New York 4, N. Y. 

Loeb, Carl M., Jr, Vice-President, 
Climax Molybdenum Co., 500° Fifth 
Ave., New York 18, N. Y. 

Magos, John P., Director of Research, 
Engrg. & Research Div., Crane Co., 
1100 S. Kedzie Ave., Chicago 5, Il 

Maier, Osear C., Director of Research, 
Pullman-Standard Car Mfg. Co., 1414 
Fields St., Hammond, Ind 

Murray, A. V., President, Seaife Co., 
Oliver Bldg., Pittsburgh 22, Pa 

Pew, Arthur E., Jr., Sun Oil Co 
Walnut St., Philadelphia 2, Pa 

Reinhardt, G. A., Direetor of Metallurgy 
and Research, Youngstown Sheet and 
Tube Co., y oungstown, Ihio 

Somers, R. E., Research Engineer, Beth- 
lehem Steel Co., Bethlehem, Pa 

Spackman, G. D., Vice-President in 
Charge of Operations, Lukens steel Co., 
Coatesville, Pa. 

Spraragen, W., Director, Welding Re- 
search Council, 20 W. 39th St., New 
York N.¥ 

Walker, Henry S., Director of Re-earch, 
Detroit Edison Co., 2000 Second Ave., 
Detroit 26, Mich 

Weigel, A. C., Vice-President, Combus- 
tion Engineering-Superheater, Inc., 200 
Madison Ave., New York 16, N. ¥ 

Zimmerman, R. E., Vice-President, U. 8 
Steel Corporation of Delaware, 436 
Seventh Ave., Pittsburgh 30, Pa 
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At this meeting the following members 
were elected to serve as an Executive 
Committee: Boardman, Chairman; 
A. B. Kinzel, Vice-Chairman. Other Mem- 
hers: C. A. Adams, Honorary Chairman; 
T. S. Fuller, C. M. Loeb, Jr, A. \ 
Murray and A. C. Weigel. W. Spraragen 
continues to serve as Director. 

There follows a brief biography of the 


newly elected officers 


Dr. Comfort A. Adams 


Dr. Comfort Avery Adams the newly 
elected Honorary Chairman, was born in 
Cleveland, Nov. 1, [S68 He , received 
the degree of B.S. in 1800, a degree of 
BE. in 1905 and the honorary degree of 
Doctor of Engineering in 1925 from the 
Case School of Applied Science 

Dr. Adams is an Engineer, Educator 
und Serentist 

He has won many important distine- 
tions His most recent one is the 140 
Lamme Medal for his work in electrical 
machine design. He was the first re- 
cipient of the Samuel Wylie Miller Medal 
He is a member of the National Academy 
of Seiences and an Honorary Member otf 
the American Wetping Socrery He 
was the first Adams Lecturer 

In order to speed up shipbuilding pro- 
duction in IOUS, there was created a 
Welding Committee of the 
Fleet Corp under the chairmanship of 
Dr. C. A. Adams 

Work done by the Welding Comunittes 
laid the foundation for the organization 
after World War 1, of the American 
Wetpine Soctery and of its affiliated re 


home rene. 


A, Adams 


search organization known as the Ameri- 
ean Bureau of Welding. Dr. Adams was 
the first president of the American WELD- 
ING Socrery and the first Director of the 
American Bureau of Welding, which posi- 
tion he held until the Bureau was dis- 
charged and a Welding Research Com- 
mittee organized under the Engineering 
Foundation in 1935 Dr. Adams was 
made Chairman of this Research Commit- 
tee which position he held until this 
meeting 

In order to honor the Founder and First 
President of the American WELDING 
Socrery, the Socrery in 1943 created a 
lectureship known as The Adams Lecture. 
The award is made annually by the Board 
of Directors to an outstanding Scientist or 
Engineer, and his lecture presents some 
new and distinetive development in the 


field of welding 


©. Boardman 


Mr. Boardman, newly elected Chairman 
of the Couneil, is Research Director for 
the Chieago Bridge and Lron Co., Chicago, 
and is a past-president of the 
can Socrery and also Honorary 
Member of the Society Mr. Boardman 
is Chairman of the Handbook Committee, 
A.W.S.: member of the Boiler Code Com- 
mittee, American Society of Mechanical 
engineers His technical society mem- 
berships include ones in the Amertean 
Society of Civil Engineers, the Western 
ot Engineers, the American 
Society for Metals, and the American 


(ssoctation for the Advancement ol 


So He is also a member ot Tau 
Beta Pi and Sigma Pi He received the 
Miller medal for 1941 

Mr. Boardman was born in Plaintield, 
Apr. 20. ISS7. He reeeived his BUS 


degree from the University of [linois it 


110 and his Cul rom the same sehool i 


He holds an honorary trom 


Research Officers 


H.C. Boardman 


the South Dakota State Sebool of Mines 
From 1910 to 1916 he was a draftsman tor 
the Chicago Bridge and Iron Co. Enter- 
ing the Army as a private in 1916, he was 
discharged in 1919 as a major in the fteld 
artillery. From 1919 to 1922 he was in the 
automobile tire and sccessory business in 
Kansas City, Mo.; from 1922 to 1924 he 
Was engineer and superintendent ot con- 
struction for the International Filter Co., 
Chicago, Ill; and, from 1924 to 1926, 
served as an tostructor cry il engineering 
at the University of Illinois. In 1926 he 
took the position which he now holds 

He is the author of many technical 
irticles published in various magazines 
and of the Handbook on Arcs, Chords and 


Versines. 


Vice-chairman A. B. Kinzel 


Dr. A. B. Kinzel, who was elected Vice- 
Chairman of the Council is President of 


1. B. hinszel 
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the Union Carbide and Carbon Research on the testing and 


Lab., Inc., New York, received the Samuel 
Wylie Miller Memorial Medal in 1947 of steel making, 

Dr. Kinzel graduated from Columbia 
University, A.B., in 1919, Massachusetts ind alloy steels 


Institute of Technology in General Engi- chanics, and is co-author of the volumes 


neering, 1931, and the University of on chromium in the 
Naney, France, D.Met.Ing., 1922, where 


he received the degree of Doctor of Science in these fields 


on the metallurgy and physical chemistry 


Allovs ot Iron ries 


of monographs He 


welding of metals, war, in addition to his work for the Man- 


hattan District, Dr. Kinzel was Senior 


the composition, Consultant on metals to the War Produc- 


physical properties and uses of ferroalloys tion Board, Chief Consultant on metals 


on applied me- to the Enemy Branch of the Foreign 


keonomi ation, Project Super- 


of th 
visor 


Metallurgy Committee 


holds many patents ind served T in England, France 


und Germany as head of the Metals 


in 1933. Before joining the Union Car- Dr. Kinzel is now Vice-President of the Section (Assimilated Brigadier General) 


bide organization in 1926, he had several American Institute 


years’ experience as metallurgist with lurgical Engineers 


General Electric Co. and Henry Disston the Engineering Foundation Board as of the S 
& Sons, and as lecturer of the advanced well as Chief Consult 


courses in metallurgy at Temple Univer- the Los Alamos L 


sity, and as a consultant Argonne National 


Dr. Kinzel is the author of many papers Atomic Energy Commission. During the 


Past-Chairman of 


of Mining and Metal- Dr. Kinzel has lectured widely, inelud- 


ing special lectures such as guest lecturer 
wiety of Culture of the U.S.8.R 


in metallurgy to in Moscow in 1936, Adams Lecturer of the 


iboratories and the AMERICAN WELDING Society in 1944, 


iboratories of the ind Campbell Lecturer of the American 


Society for Metals in 1047 


Spot Welding Nickel and Nickel Alloys 


§ Spot weldability of various nickel alloys in dissimilar metal com- 
binations are indicated and correct welding procedures are given 


by Frank G. Harkins 


Abstract 


\ study of the weldability of various nickel alloys in dissimilar 
metal combinations has indicated that suecessful spot welding car 
be achieved. That serious metallurgical and physical problems 
will be encountered in the joining of many combinations is evi 
dent Particular attention is given material combinations which 
ippear to be metallurgically incompatible with each other such as 
Monel-mild steel 


interface where the materials are of widely different physical 


Methods of causing the nugget to grow at the 


properties are indicated. Tentative welding schedules for the 


various metal combinations are submitted 


INTRODUCTION 


SA part of its regular program the A.W.S. Commit- 
tee on Resistance Welding Nickel ind Nickel 


Allovs has investigated the spot velding of: 


Nickel to mild and lower-alloy steel 
Nickel to stainless steel 

Nickel to Monel 

Nickel to Inconel! 

Monel to mild steel and 8630 
Monel to stainless steel 

Monel to Inconel 

Inconel to mild steel and S630 
Inconel to stainless steel 

Inconel X to Inconel X 

Titanium to titanium 

Stainless steel to mild steel and low-allov steel 


Frank G. Harkins 
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The economic importance of many of these material 


combinations is somewhat obscure. For example, the 


joining of nickel to Monel appears to have little practi 
cal advantage other than expediency. However, the 
joining of such materials as Inconel, Inconel X, nickel 
and Monel to mild or stainless steel has economic im- 
portance. Many of these materials are selected for a 
given application because of their remarkable physical 
properties. These properties may be required only in 
localized areas rather than throughout the assembly 
In these cases it is economically desirable to employ 
the high-alloy material where required and to complete 
the assembly with stainless, mild or low-alloy steel 
The same is true where these materials are selected for 
decorative purposes 

While it is recognized that many of these material 
combinations are being welded on a production basis 
daily, little published information or classified data are 
available It is a purpose ol this paper to investigate 
the welding of these dissimilar materials with a view to 
establishing machine schedules Another purpose is to 
attempt to evaluate the resulting weld between dissimi- 
lar materials 

\ further purpose is to furnish engineers and designers 
with workable data which may be employed in the 
interest of product cost reduction and or conservation 
of critical materials. To attempt establish the 
optimum welding schedules for al id materials 
combinations does not appear to b ictical at this 
time It has been the decision committee to 
limit the study of the 0.063-in. thick materials thus 
eliminating the problems whi velding dissimt 


lar thickness combinations specific applica 


elding Nickel Alloys 
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Fig. 1 


ikva., single-phase, 
type spot-welding machine. 


General view of 42 mounted specimens used in 
the micro and macro examination of the test welds 


’ tions involving the spot welding of different gage mate- 
‘rials and the roll welding of the Monel-mild steel combi- 


nation are meluded as matter of general interest. 


EQUIPMENT 


Equipment used for the experimental work con- 
sisted of one 45-kva., three-phase, direct current dry 


‘disk rectifier type spot-welding machine and one 100- 


1440 v., 60-cvele standard pedestal 
Each machine is equipped 
with the low-inertia roller-bearing head which is neces- 
sary in insuring the fast follow-up pressure required 
high-alloy materials. The operation of both ma- 
chines was thoroughly checked before the experimental 
work Test 


welding force meter, a pointer stop ammeter, a pointer 


was begun. equipment consisted of a 


stop millivoltmeter, a cathode-ray oscilloscope, six- 
element oscillograph and a time recorder. 


. 


DISCUSSION OF EQUIPMENT 


It has been observed on many alloys and dissimilar 
that the 


welds containing 


use of high-inertia 


radial cracks. 


material combinations 


equipment results: in 
The single-phase machine was equipped with a slope 
The this device 
yond the scope ol this paper 
sparking at the nd less expulsion of metal 
occurred at the higher energy levels. 

Material combinations which have caused difficulties 
readily 


control proper evaluation of is be- 


less 


although seemingly 


electrodes a 


on older types of equipment are weldable on 


machines whose secondary current 


A case in point is the spot and 
Monel-mild steel 


low-inertia 
has a low-wave front. 


type 
roll welding of the combination, 
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The use of older equipments results in welds containing 
serious radial cracking (Fig. 14). In many 
leakage directly through the weld from one outside sur- 
face to the other outside surface may be observed. 
Examination of the and_ roll-weld 
(Figs. 9 and 15) of this weld shows clean, 
mogenous weld metal. Presumably, this weld is satis- 
factory as a result of the use of the low-wave front cur- 
rent plus the use of the low-inertia machine. It is not 
possible to state at this time the relative contribution 


cases, 


specimens 


spot- 


sound, ho- 


of each feature. 


MATERIAL PREPARATION AND ETCHANTS 


Cleaning or buffing the surfaces of the material 
immediately before welding is recognized good practice. i 
In this investigation the materials were prepared by 
polishing on a buffing lathe using No. 200 grit until a 
This was a matter of 


bright surface was obtained. 
Several chemical cleaners may be 


convenience. em- 


ployed to good advantage on these materials.° 


ETCHANTS 


Since the materials involved in this investigation 
bear little relationship to each other in chemical com- 
position and physical properties, it is apparent that no 
one etchant will produce satisfactory results on all of 


the material combinations. Ina few cases it Was neces- 
sary to use a double immersion technique to show the 
nugget structure in both metals. For example, in i 
etching the Monel-mild steel specimens, it was necessary 
to first etch the mild steel in a 4°; Nital solution. Sub- 


Macrograph and micrograph of Inconel-stainless- 
steel combination 


Fig. 2 
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sequently, the specimen was immersed in a ferric chlo- 
ride-hydrochloric acid solution. Table 1 lists the etch- 
ants which were employed on the various material 
combinations 


Vaterial combination kt 
Inconel-stainless steel Oxalice acid 
Inconel-nickel Oxalic acid 
'neonel-Monel Ferric chloride-hydrochloric 
wid 
steel-nicke! Oxalic acid 
Monel-nickel Oxalic acid 
Inconel-mild steel Chromic acid 
Nickel-mild steel Nitric acetic acid, then ferric 
chloride plus hydrochlori 
reid 


Monel-mild steel Nital, then ferric chloride plus 


hydrochloric acid 


Titanium-titanium 5°> Hydrofluorie acid 
Mild steel-stainless steel! Nital plus chromic acid 
Inconel X Oxalie acid 

Stainless steel-Monel Oxalie acid 


EXPERIMENTAL WORK 


Before any actual weld specimens were attempted 
it was decided to review the constitution diagrams of 
the various materials with a view to predicting the 
usability and properties of the welds 

Where the constitution diagram indicated the possi- 
bility of obtaining a hard or brittle alloy, a hardness 
survey was made. In the specific cases of Monel 
steel, nickel-steel and stainless steel-steel, microhardness 
checks were made (see Figs. 6, 8 and 9 On’ other 


material combinations such as Inconel-stainless steel, 


lable 4—Electrical and Thermal Properties of High-Nickel 


Alloys 


Nicke Vonel 
Klectrical resistivity 
Microhms-centimeters at 20° ¢ i 98.1 18.2 


Thermal conduct 


Cal. /em.*/em se 0.22 0.036 0.062 


only a superficial hardness test was taken across the 
weld face 
The results of the micro and superficial hardness 


checks are as shown in Table 2 


Chemical analvsis of the various materials are as 
listed in Table 3. The physical properties of all of the 
allovs were closely scrutinized in order that electrode 
size, shape and composition and (in the case of direct 
current polarity could be anti ipated Because of the 
wide difference in chemical composition and physical 
properties of these materials, many problems were 
anticipated. For example: the electrical resistivity 
of nickel 


of Inconel is approximately 14 times t 
The heat conductivity of nickel is some seven times that 
of Inconel (Table 4 Obviously, the weld nugget tends 
to grow in the Inconel sheet necessitating correctivé 
measures at the electrodes in order to insure proper 
nugget location Following are the series of the varioug 
combinations with a discussion of each. Generally, 
the arrangement is in the order of ease of welding \ 
macrograph at 8 & and a micrograph at 35 & of the 
weld structure of each combination are inc luded The 


welding schedules are as shown in Table 5 


Material combination l 2 3 
Monel-steel O4 71 77 
Nickel-steel C30 68.5 
Stainless-mild steel 83 7 


Monel-Inconel 69 74 SU 
Nickel-Inconel 68 (ib 
Steel-Inconel 55 42 
Stainless- Monel 7A 74 OS 
Stainless-Incone! 75 73 75 
Stainless- Nickel 59 71 


Table 2—Results of Micro and Superficial Hardness Tests 


All readings are converted to Rockwell B 


cial urdne SS 


mrdness 


j 5 6 7 ~ 9 10 
76 74 7A 67.5 76 72 71 
65 66 70 67 
06.5 93.5 87.5 87.5 SS s4 


80 83 S3 si 83 
72 a 83 
76 S4 7S 74 
67 80 71 71 79 77 
72 72 7 83 
77 77 75 77 7 75 


Table 3—Chemical Analysis of the Materials Which Were Employed in the Investigation 


Material 1 Nickel Von Incone 


Heat No HSP7710 H7711 HNN7709 
Carbon 0.03 0.13 0.06 
Manganese 0.22 1.04 0.30 
Iron 140 1.85 
Sulphur 0 005 0 005 0 O07 
Silicon 0.02 0 18 0 2 

Copper 0 05 2086 11 

Nickel 99 46 66.01 78 04 
Chromium 14. 62 


Aluminum 
Titanium 
Columbium 
Phosphorus 
Molybdenum 


Wild stee 1.0.8.1, 8630 Inconel X 18-8 
Unknown 56840 NX3166X 635788 
0.12 0 285 0.04 0.06 
0.55 0.54 1.62 

ter 6.94 
0.20 0.36 0.44 

0.55 73.07 11.23 
0 50 14.73 17.48 

SO 

38 
1.02 0.73 
O10 0 O24 
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Table 5—Alternating Current Schedules for Dissimilar Materials Combinations 


Weld 
time, 


klectrode 
force, 
lb. 
1500 


Thickness, 
in. 
063 


Material combination 
Nickel-mild steel 
Nickel-low-alloy steel 

(8630) 
Nickel-stainless steel 
Nickel-Monel 
Nickel-Inconel 
Monel-mild steel 
Monel-low-alloy steel 

(S630) 
Monel-stainless stee! 
Monel-Inconel 
Inconel-mild steel 
Inconel-low alloy 
Inconel-stainless steel 
Inconel X-Inconel X 
Titanium-titanium 
Titaniam-titanium 
Stainless-mild steel 
Stainless—low-alloy steel 


063 
063 
063 
063 
063 


1500 
1800 
2000 
2500 
1600 


063 
063 
063 
063 
063 
063 
063 
063 
O31 
063 
063 


1600 
1800 
2300 
1600 
1600 
2500 
3400 

S00 

600 
1600 
1600 


Shear 


strength, 


lb 
2200 


2350 
2700 
2900 
2750 
2300 


2450 
2800 
3000 
2200 
2300 
2050 
3000 
2900 
1360 
2170 
2400 


Electrode 


size, 


Minimum 
overlap, 
in. 


Weld 
current, 
amp 

16,200 b/s */ 16 


M tnimum 
we ld 


nm 


Diameter 
fuse d 
on 


14,500 
16,000 
20,000 
15,500 
17,500 


16,800 
16,000 
15,500 
17,000 
16,000 
14,000 
12,000 
13,000 
12,000 
18,000 
17,500 


Notes: 1. Electrodes R.W.M.A. Class IL 3” Radius of Dome 
* Class IIL electrode against nickel sheet. 


Inconel to Stainless Steel (18-8) 


This combination presents the least difficulty (Fig. 
2). Inconel and stainless steel present no difficulties 
as regards nugget size, location and structure. This 
fabrication is being accomplished on a production basis 
daily, and has demonstrated satisfactory performance 
under conditions of high-temperature and high-vibra- 
tional stress. Strong ductile welds are readily obtain- 
able through a wide range of machine settings. Ten- 
sion shear values of 3200 lb. were demonstrated with no 
evidence of porosity, shrink cracks expulsion or other 
welding defects. Nugget diameter was °/j¢ in. 


Fig. 3) Macrograph and micrograph nickel-stainless steel 


(18-8) combination 
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Nickel to Stainless Steel 


With these materials, no difficulties were anticipated 
as regards the metallurgical forms contained within 
the weld nugget. Unfortunately, the physical prop- 
erties of these two materials are such that difficulties 
will be experienced in achieving proper nugget location 
With ordinary electrode combinations, the nugget will 
lie wholly within the stainless-steel 
Limited aid can be obtained from the use of a 


almost sheet 

low- 
conductivity electrode against the nickel sheet, but 
care must be exercised if sticking or alloying of the 
electrode to the work is to be avoided. ' The polarity 


Fig. 4 Macrograph and micrograph nickel-Monel com- 
bination. “Coring” is visible at edge of nugget (Ref. 5) 
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effect of direct current can be employed to advantage in 
this case. The work may be positioned in the welding 
machine in such a manner that the nickel touches thi 
positive electrode. Study of the macrograph will show 
that most of the nugget is contained in the stainless 
sheet but that penetration into the nickel sheet is 


about 40°, which meets all existing specifications 


Nickel to Monel 


The physical properties ol Monel and nickel *are 
sufficiently different to cause difficulties from heat 
balance (Fig. 4 
this combination as with the nickel-stainless steel 


The same reasoning is applicable in 


The problem consists mainly in achievin 


penetration 
into the nickel sheet. This condition can be alleviated 
through the use of a Class III electrode against the 
nickel sheet. It is suggested in the interest of minimiz 
ing the alloying of the nickel to the copper-alloy ele: 

trode that the bottom of the drilled hole in the electrode 
be not over *, in. from the face. Metallurgically this 
material combination should be completely satisfactory 
since study of the constitution diagrams indicate no 
brittle or poor alloys will be formed 


Nickel to Inconel 


This combination also involves the joining of material 
ol high-electrical resistance to a material of low electri 
cal resistance (Fig. 5 Metallurgically, the material 


combination is sound. The problem of nugget location 


Fig. 5 Macrograph and micrograph nickel-Inconel com- 
bination 
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was solved as before by using a combination of high- 
and low-conductivity electrodes plus taking advantage 
of the polarity effeet of the direct current. Eexamina- 
tion of the weld nugget shows this to be of unusual shape 
indicating a faster melting rate of the Inconel possibly 
aided by the lower heat conductivity of the material. 
Weld penetration into the nickel is about 40°, which is 


adequate for existing specifications 


Nickel to Mild Steel 


Study of the iron-nickel constitution diagrams indi- 
cate that there is a possibility of obtaining an aur- 
hardening alloy (Fig. 6 The weld nugget will 
nickel-rich alloy. The area of the spot-weld nugget 
adjacent to the mild steel should be low in nickel A 
microhardness check of this area showed the presence 
of a hard band at this interface Table shows the 
hardness to be Rockwell C30 While 


the alloy Is also strong, but not brittle 


this area is hard 

Tension shear 
and twist testing indicate ductile weld metal The 
tension shear strength averages 2200 lb. The nugget 
diameter is 0.25 in. Failure occurred in the mild steel, 
Penetration into the nickel sheet is approximately 
50°). The weld is acceptable. The twist test demon- 
strated 90° which is approximate ly equ il to the results 
obtained from steel. The welding schedule 
used to obtain the results illustrated in Fig. 6 was ag 


listed in Table 4 


which was 


Nickel to NE 8630 


NE 8630, because of its medium carbon range, has 


Fig. 6 Macrograph and micrograph of nickel-mild steel 
combination. Impressions from microhardness survey 
are visible 
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some air-hardening tendencies. In routine spot-welding 
operations, it is essential that a postheat treatment be 
employed for tempering purposes. Failure to employ 
a postheat treatment results in extremely brittle welds 
possibly due to the rapid quench produced by the elec- 
trodes. The heat treatment may be performed as part 
of the spot-welding operation or in a furnace after 
welding is completed. The degree of hardening of the 
weld nugget is dependent on the cooling rate. In some 
cases, especially in heavy gage materials (0.078 in. and 
thicker), ductile welds may be obtained by keeping the 


“Hold” time at the lowest possible value thus minimiz- 


ing the quenching effect of the copper-alloy electrodes. 
In considering the welding of nickel to NE 8630, it 
was anticipated, therefore, that the possibility of obtain- 
ing welds of excessive hardness was good. The heat 
conductivity of nickel is good, enhancing the quenching 
effect. Nickel-iron alloys are hardenable in certain 
percentage ranges. It was observed, however, that the 
weld nuggets were strong and ductile, possibly due to the 
high dilution of the NE 8630 by the nickel. 


Inconel to Mild Steel and Low-Alloy Steel 


Specimen welds indicated good strength and ductility 
(Fig. 7). 
hardness test possibly due to the preponderance of 
nickel in the high-alloy material. Electrode conductiv- 
ity change was necessary to procure proper nugget loea- 
tion. The low-conductivity electrode was used against 
the mild-steel sheet. Tension shear strength of 2200 
Ib. was consistently demonstrated with '/.in. nugget 
diameter. ‘Twist test showed 90°. 


No hardened areas were observed in the 


hig. 7 Macrograph and micrograph Inconel-mild steel 
combination 
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Fig. 8 Macrograph and micrograph stainless steel (18-8) 
mild steel combination. Microhardness impressions are ; 
visible 


Stainless to Mild Steel 


The combination of stainless (18-8) to mild steel 


has been successfully spot welded for many years (Fig 
8). Reference to Table 2 indicates that the joint and 
the parent material are relatively hard. This may be 


explained on the basis of the rapid quench of the mild ; 
Had the micro- 


steel from the critical temperature 


hardness test been taken in the mild steel away from 
the heat-affected zone, the reading probably would . 
have shown B60 to B64. Since stainless steel is essen- 
tially composed of chromium, nickel and iron, and since 
it has been shown that the nickel-iron combination in . 


some percentages produces a hardenable alloy as do 


chromium-iron combinations, it may be assumed that 


the area of the spot-weld nugget immediately adjacent 


to the mild steel will contain a degree of hardness. 


The hardness in this area is Rockwell B96.5, which is 


considered to be a usable alloy. As previously noted 


on the nickel-steel combination the alloy is apparently 


strong as indicated by the type of fracture in the tension 


shear and twist tests. Should this hardened area be 


objectionable, presumably it could be alleviated by sub- 


sequent heat treatment. 


Stainless Steel to Low-Alloy Steel 


The ductility of the weld nuggets of this combination 


was found to be comparable to that of a joint between 
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Fig. 9 Macrograph and micrograph Monel-mild steel 
combination. Microhardness impressions slight 
“coring” are visible 


two pieces of mild steel. The remarks on the metallur- 


gical uspects ol the stainless-mild steel jomnt are equally 


applicable to this fabrication. Nugget location was 


considerably improved over the preceding joint, possibly 


due to the higher electrical resistivity and the lower 
heat conductivity of NE 8630. The tension shear test 


demonstrated measurably higher values indicating the 
desirability of employing this combination where higher 
strength than that exhibited by the mild steel-stainless 
steel combination is re yuired 


Vonel to Mild Steel 


Difficulties were encountered on this material com 


bination (Figs. 9 and 15 The constitution diagrams 


show that the presence ol 4) ©) or more of copper in 
mild steel causes “hot short” cracking. The use of the 
single-phase alternating-current machine with — the 
bellows locked out resulted in welds containing serious 
radial cracking (see Fig. 14 By employing the 
bellows air lock and the slope control device, ductile 
and sound welds were produced. Similarly through the 
use of the dry disk rectifier machines with the bellows 
air lock, sound welds could also be cons stently pro 
duced. Recommended mill practice indicates that the 
presence of nickel tends to raise the temperature at 
which the cracking occurs Examination of the speci 
men indicates the presence of a copper nickel-iron 
alloy ot good Corrosion resistance \ twist test ind 
cated weld nugget ductility equivalent to that of mild 


about 


steel Tension shear testing showed weld 
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failure at 2300 Ib. by tearing a nugget 
nugget shape is probably a function of the cooling rate. 
It had been previously reported that difficulties were 
encountered due to cracking in resistance seam welding 
It was decided to 
attempt this fabrication on a standard alternating- 


the Monel-mild steel combination 


current seam-welding machine. Sectioned-etched speci- 
mens ol this weld showed the presence ol cracks which 
extended almost completely through the piece. A low- 
inertia, dry-disk, rectifier-type seam-welding machine 
was tried on this fabrication \ macrograph of this 
weld is shown in Fig. 15. There is no evidence of 
segregation, checks or cracks in the specimen A 
microhardness survey did not disclose the presence 
of anv hard or brittle alloys 

The seam-welding schedule which Wis employed on 
this material combination was: Electrode foree 1200 
lbs.; Eleetrode, Class 3, 
10 in. radius; time cycle 114 millisee. ‘‘on,”’ 152 milli- 


-in. face x 10 in. diameter x 
sec corresponding to 6.82 eveles on” and 9.10 
cycles “off” (based on 60 evcle waves), at 10 spots per 
inch. Current was approximately 12,000 amp. Speed 


Was approximately 23 in. per minute 


Monel to NE 8630 


As previously noted, combinations involving 8630 
material was questioned due to the air-hardening vend- 
encies of chrome-molybdenum steel. It appears that 
the degree of dilution by the nickel-copper alloy is 
sufficiently great to minimize any hardening tendencies 
The technique and equipment was the same as that 


employed on the Monel-mild steel combination No 


Fig. 10° Macrograph and micrograph Monel-stainless 
steel combination 
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heat balance problems exist. Study of the weld nug- 
gets under high magnification show the presence of a 
nickel-rich constituent. No hardened areas were dis- 
closed. Duetility of the weld metal as indicated by 
the twist test was excellent. Over 90° was demon- 
strated before complete failure. Penetration into the 
8630 sheet is 40%. Tension shear value was 2300 Ib. 
with '/, in. nugget diameter. 


Monel to Stainless Steel 


This material combination was approached with 
extreme caution because a previous attempt at fusion 
welding this combination had resulted in extreme 
cracking difficulties (Fig. 10). It has been shown: 
(a) that the presence of copper in steel in certain per- 
centages is a cause of “hot short” cracking; (b) that the 
presence of nickel in steel in some percentages results in 
a hardenable alloy as does the presence of chromium. 
Attempts to spot weld this material combination over 
standard alternating-current equipment resulted in 
severe radial cracking. However, through the use of 
the newer type three-phase, direct-current equipment, 
No diffi- 


culties due to nugget location or heat balance were 


sound welds were consistently produced. 


encountered. 
structure did not disclose any unusual metallurgical 
The hardness traverse did not show any hard- 
ened areas or brittle constituents. The maximum 
hardness (Table 2) was found to be Rockewll BS0. 
Duetility as indicated qualitatively by the amount of 
plastic flow during the tension shear test was excellent. 


Microscopic examination of the weld 


forms 


Macrograph and micrograph Monel-Inconel 
combination 
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The tension shear value was 2800 lb. with failure occur- 
ring in the parent material. The twist test demon- 
strated over 100° before complete failure. 


Monel to Inconel 


No difficulties were experienced with weld nugget 
location (Fig. 11). Weld nuggets are of good ductility 
although cracking difficulties were anticipated due to 
the chromium content of the Inconel being alloyed with 
the copper in the Monel. Presumably, nickel is present 
in sufficient quantities to maintain the copper and 
chromium in solution so that no cracking difficulties are 
experienced. Strong ductile welds are obtainable on 
this material combination. A hardness survey did not 

Twist 
showed 


indicate the presence of any hard bands or areas. 
test demonstrated 120°. 
2760 lb. Penetration was approximately 60° in each 
material. 


Tension shear test 


Inconel X to Inconel X 


Inconel X may be readily spot welded using schedules 
similar to those employed for Inconel (Fig. 12). The 
material shows definite sparking tendencies at the 
electrodes. For this reason the material should be 
buffed or polished before welding is attempted. Higher 
than normal electrode force aids in controlling the ex- 
pulsion tendencies. that the 
material hardens as a result of a fast cooling rate. 
Spot welds in Inconel X are usable in the as-welded 


It has been observed 


Fig. 12. Macrograph and micrograph of spot weld in 

Inconel X. **Coring” at edges of nugget is rare in Inconel. 

In this material, coring is usually associated with high- 
electrode force 
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condition in gages of 0.021 and heavier. However, 
on a specific application involving the joining of two 
pieces of 0.010-in. thick material, it was necessary to 
insert a 0.002 Inconel shim at the faying surface in 
order to obtain sufficient weld ductility to form the part 

Usually such measures are unnecessary where a 
suitable heat treatment may be employed following 
the welding operation. The part in question had an 
extremely large volume-to-weight ratio which made 
subsequent heat treatment impractical. Through the 
use of the Inconel foil as shim stock, it was possible 
to raise the elongation of the Inconel X in the “‘as- 
welded” condition from 4 to 28°7, thus enabling the 
following forming operations to be performed, A de- 
gree of coring has been noted at the edges of the weld 


nugget.° 


Fig. 13° Micrographs of spot weld in titanium. Edge of 
spot-weld nugget which shows the heat-affected zone in 
which solid phase welding occurred 


Titanium 


The spot-welding schedules for titanium are included 
as a matter of general interest. For this resistances 
welding investigation, coupons 0.031- x ° ~- x 3 in and 
0.063- x ~ X 4 in. were cut from the sheet stock 
Electrodes were of R.W.M.A. Class IT material; 
Welding sched 


ules which will produce satisfactory results are as 


diameter with domed radius of 3 in 


shown in Table 4 
The schedules apparently are not critical; for exam- 


ple, on the 0.063-in. material, time was varied from 
6 to eveles 
occurred in the heat-affected zone at the periphery of 


In every case failure of the specimen 
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gg equipment on Monel-mild steel combination 
the weld. Tension shear strength varied only slightly 
when the material was welded using a short time cycle. 
In an attempt to improve the ductility of welded 
material, five specimens of 0.031-in. material, using the 
welding schedule above, were made and subsequently 
heat treated at 1200° F. for 1 hr 
There was a notice- 


Tension shear 
strength was reduced to 1300 Ib 
able improvement in ductility as indicated by the ten- 
sion shear tests 

The results of the spot-welding study are similar to 
those found in the Bureau of Mines investigation* al- 
though not truly comparable since their work was con- 
ducted with nonstandard electrodes 

The penetration of weld is approximately 70°; of the 
cross section as represented by the inner nugget ol fused 
metal. The outer zone shown in Fig. 13 represents the 
heat-affected area which apparently was soft enough 
during the welding cycle for solid-phase welding to 
occur. In the shear tests the solid-phase weld parted 
readily and final fracture followed the outer contour 
of the inner fused zone 


SUMIVMARY 


The welding schedules required to produce acceptable 
resistance welds in twelve dissimilar material combina- 
tions have been investigated. The results indicate that 
all of these material combinations can be satisfactorily 
welded but the necessary schedules were found to fall 
into three general categories 

The first classification includes those materials or 
combinations which can be welded satisfactorily on the 


Macrograph of seam weld in Monel-mild steel 
combination. Diagonally cut specimen 
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older type of synchronous control spot-weld equipment 
without encountering serious physical or metallurgical 
problems. ‘These combinations include: Inconel to 
stainless steel; nickel to stainless steel; nickel to 
Monel and nickel to Inconel. 

In the second classification are those combinations 
which require equipment of the low-inertia head type 
combined with synchronous control. In this classifiea- 
tion are such material combinations as: nickel to mild 
and low-alloy steel; Inconel to mild and low-alloy 
steel and stainless steel to mild and low-alloy steel. 

The third classification includes those materials 
which require the use of sensitive welding schedules plus 
advanced design equipment such as that employing 
the combination of low-inertia heads plus the low-wave 
front secondary characteristics. These are Monel to 
mild steel, Monel to stainless steel and Monel to 
Inconel. 

The criteria for the acceptance of the welds were the 
macro etch test, the tension shear test, the twist test, 
the hardness test and microscopic examination. 

That further research and development must be 
undertaken is evident. The fatigue properties of the 
welded joints have not yet been investigated. Checks 
for electrolysis between the metals being joined remain 
to be taken. Performance of the spot welds at elevated 
temperatures has not been studied. The foregoing is 
not intended to discourage the use of these material 
combinations but rather to point up the necessity of 
further study for the specific application. Some of the 
material combinations such as Inconel-stainless steel 
and stainless steel-mild steel have proved to be satis- 
factory under conditions of high-temperature and high- 
vibrational stress. It has been shown that the nickel- 
steel combination will have a hard (Rockwell C30) band 
at the juncture of the weld nugget and the mild steel. 
While the alloy in this area is hard, it is also strong and 
is not necessarily brittle. For routine applications 
this weld is satisfactory as indicated by the type of 


fracture in tension shear and twist testing. The com- 
bination of Monel-mild steel can be successfully spot 
and seam welded without cracking or other welding 
defects if presently available equipment of advanced 
design is provided. 

Welds bet ween such materials as nickel-Monel, nickel- 
Inconel and nickel-stainless steel appear to offer few 
metallurgical difficulties although nugget location be- 
comes a problem due to the relative electrical resistivity 
and heat conductivity of the alloys. The use of the 
proper electrode sizes, compositions, and the employ- 
ment of the proper welding technique will usually mini- 
mize these problems. 

It should not be inferred that the schedules shown in 
Table 5 cannot be changed in the interest of better 
quality welding or because of specialized applications 
These are intended only as a starting point in the ad- 
justment of the welding machine. The actual pro- 
duction application will determine the optimum 
schedule. 
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‘orrosion of Molvybdenum-Bearing Stainless- 
Steel Weld Metals 


® Corrosion of as-welded stainless-steel specimens depends upon 
the type and location of the carbide and sigma precipitates. 
Effect of ferrite and heat treatments is indicated for each type 


by Anton L. Schaeffler and R. David ind the 0.03% carbon Type 316 also shows trates, the pres 

Thomas. Jr. ence of an intergranular sigma pre ite is lated. The 

duplex structures contaming 6°) or mor rrite e resistant to 

ntergranular attack \t 56 I ‘ in igma become 

wzglomerated and the nitric acid 1 ire substantially improved 

Abstract During heat treatments 1300 « os) iv ferrite which 

mav be present transforms to sigma wl wers the ductility 

Kleven compositions of weld metal within the range of analysi of the weld metal, but this tvpe o mist is itive unattacked 

of Types 316, 317 318 (316Cb) and extra low carbon 316 have beer by nitric acid In the as-welded conditio e results va con 

subjected to boiling 65% nitric acid and to boiling copper sul siderably depending upon the type and location of the carbide 
phate-sulphuric acid. Each composition was tested in the a d sigma precipitates 

welded state and in four conditions of heat tment The n 5OO0-hr. tests in bo ‘ ypper su sulphuric acid 

compositions were adjusted by varving the chromium and nicke orrosion is evident only in those specime containing inter- 


contents in such a manner as to produce microstructures witl yr iurbides. The Types 31 i ext low carbon 316 show 


ferrite varving from 0 to 8% no evidence of attack in these tests, and the 316 and 


In boiling nitrie acid, the corrosion rates were consistent 317 specimens containir ked 


ig 
good onl ifter a quench innealing (1050° I wat treatment Nit wid tests of wel | informa- 
Intergranular earbide precipitation in the Types 316 and 317 on that is not found in ] menus obta from all-weld 
accounts for the high rates observed in some ecimens treated metal pads The interpretation of corrosio ‘ from jot 


at 1200 and 1300° Ff Since the columbium-bearing ° : specimens is largely quali 


INTRODUCTION scarce and therefore the work covered in this paper is 
intended to fill an urgent need 

MORROSION resistance of stainless steels has re Stainless steels of the so-called 18-8 type are supplied 
ceived an enormous amount of attention during the in wrought form in a composition which is fully aus- 
) past 25 vrs. The corrosion problems resulting from tenitic or in what is termed a “balanced” structure. 
the welding operations have heen re ported ire Most of these con positior i - or weld-metal form 
quently, especially the subject of intergranular at show a small percentage of ferrite in the microstructure. 
tack in a zone of the plate near the weld. Compara The presence of ferrite has been found to be beneficial 
tively little work has been done on the corrosion r¢ from the standpoint of the resistance of the weld metal 
sistance of weld metal to hot tears and cracks, and therefore there has been a 
Most of the published information on the corrosion strong tendency to establish compositions which would 
resistance of welds has fa give adequate con produce up to 10°% ferrite in the structures of the 18-8 

sideration to the metallurgy of the deposited weld types of corrosion resisting weld metals 
metal. If welded joints were subjected to test, it was In boiling nitric acid corrosion tests, Ellinger and 
usually difficult to establish the relative amount of Bibber! showed in 1937 that the presence of ferrite in 
attack in the various areas—the weld metal, the heat IS-S welds was not detrimental his has been con- 
affected zone and the unaffected base metal Data on firmed frequently by tests in the authors’ labor itory, 
the corrosion rates for weld metal alone are extremely not only for 18-8, but also for the columbium stabilized 
grades over a wide range of compositions This did 
Anton L. | jets us ner, 


not seem to be true, however, in the molybdenum 
ice nt ar pneering Dept 


Corp., Philadelphia, P grades, especially in the as-welded condition Phe 


week 6 results which were obtained appeared to vary con- 
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siderably with the particular lot or heat analysis. It 
was decided, therefore, that a more systematic ap- 
proach to the problem was needed. 

To provide data which will be useful to industry, the 
program was arranged to include a wide variety of weld 
metal compositions within the ranges for Types 316, 
317, 318 and extra low carbon 316 (0.03°% max., re- 
ferred to as 316elc). Inasmuch as corrosion resisting 
vessels are sometimes placed in service with no heat 
treatment after welding, but more often in critical 
service applications with one of a variety of postheat 
treatments, the more common heat-treating practices 
were therefore applied to each of the eompositions. 

The evaluation of corrosion resistance of metals for a 
wide variety of exposure conditions is an enormous task. 
In this program the weld metals have been subjected 
to the two common laboratory tests for stainless steels, 
the boiling 65°) nitrie acid test (referred to as the 
Huey test) and the boiling copper sulphate-sulphuric 
acid test (referred to as the Aborn test). The authors 
are well aware of the limitations of accelerated labora- 
tory corrosion tests and will readily agree that con- 
clusions based on these tests may not be confirmed 
in actual service. Nevertheless, the data obtained will 
undoubtedly form a starting point for subsequent work 
now being contemplated wherein specimens will be 
evaluated both by the accelerated laboratory tests and 
by actual service media. 


PROCEDURE 


Approximately 50 Ib. each of 11 compositions of 
‘/-in. diameter electrodes were prepared using a 
standard lime-type coating (no titania) conforming to 
A.W.S. classification Exxx-15. Within each grade, the 
same heat of core wire was used and the weld metal 
composition was adjusted by coating additions of 


ferro alloys. The aim analyses are shown as follows: 


Type Cr Ni Mo Other 
IS 2 

IS 13 2 

IS 12 2 

18 2 

20 i! 2 
14 17 3 

14 3 

21 l4 3 
SiS Is 2 

5318 Is 12 2 cbos 

SlGele 5610 IS 2 C 0.035 max 


In the Type 316 series the first four compositions 
vary in nickel content within the commercial range for 
I. 316 electrodes, the highest nickel contents having no 
ferrite and the lowest about 5° ferrite. By adding 
chromium to the lowest nickel content, the ferrite con- 
tent is increased to about 8°¢. For the Type 317 series 
the middle composition represents the typical analysis 
for this grade and has about 3°) ferrite. By adding 
nickel a fully austenitie weld deposit is produced, and 
by adding chromium the ferrite content is increased to 
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about 8%. Of the two compositions prepared in ‘Type 
318, the higher nickel contains no ferrite and the lower 
nickel contains about 3% ferrite. For Type 316ele, 
it was not possible to alter the composition of the weld 
metal because alloy additions through the coating 
caused an unacceptable increase in carbon content. 
Heats of core wire having wide variations in chromium 
and nickel content with remaining elements constant 
were not available, and therefore the program Was 
limited to a single composition. 

Standard weld-metal analysis pads and 
specimens were prepared following the procedure out- 
lined in “Tentative Specifications for Corrosion Re- 
sisting Chromium and Chromium-Nickel Steel Welding 
Electrodes”  (A.S.T.M. Designation: A298 48T; 
A.W.S. Designation: A5.4-48T). Having ascertained 
that the analysis was reasonably close to the original 
aim, the weld pads for the corrosion specimens were pre- 
pared as described below and the top layers machined 
In this manner, two complete 


tensile 


for chemical analysis. 
analyses of weld metal were obtained for each com- 
position, and the average of these two analyses Is re- 
ported. The analyses and tensile data are shown in 
Tables 1 and 2. 

The pads of weld metal for securing the all-weld- 
metal corrosion specimens were prepared by depositing 
successive layers of weld metal on a l-in. thick stainless 
plate to obtain a pad measuring 2'/2 by 6 by °/s in. 
high. For the 316ele deposit, the height was increased 
to 1 in. in order to avoid any possible carbon contamina- 
tion from the higher carbon-base metal. The welding 
current was 125-130 amp., the are length was 22-24 
v. and the interpass temperature did not exceed 150 
F. 

‘Ten corrosion specimens were machined from each pad, 
five for the Huey test measuring 2 by '/2 by '/, in. and 
five for the Aborn test measuring 2°/s by in. by*/ in. 
(dimensions of the specimens relative to the original 
pad dimensions are shown in the same order as listed 
above—i.e., the 2- and 2°/s-in. specimen lengths corre- 
sponding to the width of the pad, etc.). All heat treat- 
ments were conducted before final machining when the 
specimens were approximately '/, in. larger than the 
finished dimensions. 

The specimens from each pad were marked W, PR, 7, 
N and N+S, corresponding to the following conditions 
of postheat treatment : 


W—As-welded. 

R-—Stress relieved at 1300 + 40 
and cooled in still air. 

T Stabilized at 1550 * 35 
cooled in still air. 

V Annealed at 1950 
quenched in water. 


held 2 hr. 
F., held 2 hr. and 
for hr. and 
Annealed and quenched as described above 


and then sensitized by holding at 1200 
I. for 2 hr. and cooling in still air. 


NV+S 


In all cases except those calling for the 1950° treat- 
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ment, the specimen was placed in a cold furnace and 
raised to the desired temperature at a rate shown in 
Fig. 1. 

In order to correlate the corrosion data obtained on 
the weld-pad specimens with those obtained from 
welded joints in similar steels, six of the electrode com- 
positions were selected for preparing butt welds in the 
base metals, whose compositions are shown in Table 1 
The details of the welding procedures used are shown 
in Fig. 2. The location of corrosion specimens and 


heat treatments applied are shown in Fig. 3. 

The Huey tests were carried out in accordance with 
“Tentative Recommended Practice for Boiling Nitriv 
Acid Test for Corrosion-Resisting Steels’? (A.S.T.M 
Designation: A262 44T The average corrosion 
rates are shown in Table 3 for the all-weld-metal 
specimens and in Table 4 for the joint Specimens Fig. | Curve showing rate of heating of sentry globar 

The solution used for the Aborn tests consisted of furnace in which specimens were heat treated 
17 cc. concentrated sulphuric acid and 13 gm. crystal- evaluated by bending around a */j»-in. diameter pin and 


line copper sulphate (CuSO,5H.O) per liter of water observing whether the surface revealed grain boundary 


The specimens were polished to 120 grit finish and then separations using a 10-power magnifier when necessary 
5 The 


were boiled for 500 hr. in the solution. Specimens were These observations are tabulated in ‘Table 


Table 1—Chemical Composition of Materials 


Vo Type P 
ore wires 
5I70W 316° O54 56 5 024 0.025 
55311 317 O58 5 O19 0.020 
SHLOW 3166l 028 O16 0.008 
Weld metals 
5170 316 059 4! O12 0) .028 
316 060 5 O12 0 025 1S 
316 065 O13 0.026 18.22 
316 OO4 2 7 O1o 0 026 18 
316 062 O10 0 025 
317 056 } 5 oll 0.024 
317 O61 008 0.025 
317 063 0.028 
318 O62 5 O1l 0.025 
318* 067 012 0.026 
31 Gel: 034 0.011 


O50 
lob 
O50 
O41 
OSS 


Ob! 
067 
060 
04) 
O64 
043 


O32 


316 0 065 
317 0 053 : 7 25 3.35 : 027 
318 0.046 2 01 75 024 
0.023 17 024 


* Type 316 core wire was used for the 318 weld deposits as well as the 316 deposits 


Table 2—All-Weld-Metal Tensile Tests, As-Welded 


Tensile Elongation Reduction 
yin of area 


317 
317 
317 
31S 
318 
316el 


* Yield strength by dividers Yield and tensile strengths reported in } Ips per square un h (1000 psi 
+t Number of fissures observed on evlindrical surface of specimer RB designates that break occurred at a fissure 


break did not oecur at a fissure 
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140 | < 
| + 
at 1100" 
. 
| 
eas 
\ Vo \ ferrite 
tg 
13.80 3.79 0.053 a 
i 13.60 229 
14.23 23 0 0 
2 13.24 26 0 0 
12.05 25 0 0-2 | 
10.94 12 0 1-7 
He 11.48 21 0 6-4 4 
ic 
17.28 11 0 0 
13.90 42 0 2-4 
13.52 63 0 69 
14 28 15 0.80 0 0 
11 87 16 0 80 0 06 5 
at 
13.97 30 0 Q-2 = 
YVield* a el 
trength 
Number Tupe ks Piesures? errile 
5170 316 35 0 3 
5171 316 10 1-B 0 
5172 316 57 82 36 0 0-2 2 
4310 316 SS 37 1-7 
5173 316 SS 36 0 
5532 His On 30 36 0 2-4 
5533 70 31 28 0 6-0 x 
5317 63 s4 IS 20 24-8 0 
5318 66 SS 35 16 O-6 
5610 34 50 0-2 
V designates that 
Lies 


Table 3—Corrosion Rates of All-Weld-Metal Specimens in Boiling 65% Nitrie Acid 


———————Inches penetration per month -average of five 48-hr. periods 

R + § 

Ferrite, Stress T \ Annealed + 

klectrode Ww relieved, Stabilized, Annealed, se nsitized, 
Vo. as-welded Type As-welded 1300° F. 1550° F. 1950° F 1200° 
5170 0 316 0.0012 0.0260 0. 0048 0.0009 0.0139 
5171 0 316 0.0008 0.0365 0.0020 0.0007 0.0139 
5172 0-2 316 0.0128 0.124 0.0025 0.0008 0.0287 
5319 4-7 316 0.0022 0.0022 0.0010 0.0008 0.0335 
5173 6-9 316 0.0024 0.0016 0.0007 0.0006 0.088 
5531 0 317 0.0011 0.0387 0.0018 0.0009 0.0300 
5532 24 317 0 0442 0.103 0.0024 0.0009 0.0265 
5533 6-4 317 0.0224 0.0021 0.0009 0.0007 0.0495 
5317 0 318 0.0064 0.0186 0.0032 0.0013 0.0039 
5318 0-6 318 “0.0060 0.0066 0.0014 0.0010 0.0139 
316ele 0.0007 0.0007 0.0004 0.0020 


bend elongations are estimated from the radius of 
curvature of the bend specimens. * 

After completion of all tests, the Huey and Aborn 
specimens were subjected to a magnetic test principally 
to observe the influence of heat treatment upon the 
ferrite phase. An Alnico magnet measuring about '/, 
in. thick and about 1'/, in. across the yoke was sus- 
pended from a string 23 in. long. 
held against the side of the magnet and was pulled 


The specimen was 


away from the vertical position along an are. The 
distance in inches from the vertical at which the 
magnet broke away from the specimen was considered 
to be the magnétie rating of the specimen. It is be- 
lieved that the magnet was able to detect less than 1°; 
ferrite, which would be rated 0+ (slight movement of 
the magnet). Though the method is admittedly crude, 
specimens of the same size are believed to give a quanti- 
tative rating. The magnetic ratings of the corrosion 
and tensile specimens are shown in Table 6. 


Discussion 


\ study of corrosion resistance based upon accelerated 
laboratory corrosion tests will have little significance 


* Assuming the neutral axis is a plane nudway between the tension and 
compression surfaces of the bend specamen and no deformation occurs 
therein, the elongation may be determined from the relation T/2Rna, where 

is the thickness and Aa is the radius of curvature of the neutral axis 
This may be seen by observing that the length of the tension fiber less the 
length of the neutral axis is in direct proportion to the difference in radius 

f 


of curvature of the corresponding planes hus elongation 


Rt Rr 1/27 
Rn Kn 


where Ai is the radius of curvature of the tension surface. 


if the study does not reveal the mechanism of the cor- 
rosive attack. The analysis of the data collected in this 
program permits a few generalizations which should be 
useful in later studies of corrosion of welds under 
service conditions. It should be emphasized that the 
evaluation methods, namely boiling 65°; nitric acid 
and the copper sulphate-sulphurie acid solutions, were 
developed primarily for revealing susceptibility to in- 
tergranular corrosion. In recent years it has become 
evident that the copper sulphate-sulphuric acid attack 
is limited to intergranular corrosion caused by the 
precipitation of carbides in the grain boundaries, 
whereas nitric acid will attack not only the grain 
boundaries in which carbides are precipitated but also 
those having an eXtremely fine precipitate of what is 
believed to be sigma.?~* Extremely low-carbon alloys 
heat treated in a manner which is known to precipitate 
sigma will show high nitric acid corrosion rates unless 
sufficiently high temperature is used, permitting the 
precipitate to agglomerate. 

In alloys containing delta ferrite in a matrix of 
austenite, the secondary delta phase shows little, if 
any, attack by nitric acid excepting in steels containing 
molybdenum. This observation leads to the strong 
suspicion that in two-phase molybdenum alloys con- 
taining delta ferrite incipient transformation of the 
ferrite boundaries to sigma accounts for the high-cor- 
rosion rates.°* Unfortunately the precipitated par- 
ticles, presumably occurring first at the boundaries of 
the ferrite pools, are so fine as to be undetectable by the 
usual metallographic techniques 


Inches penetration per month 


Ferrite, PA Weld 
Klectrode % As-received, metal 
Vo as-welded Type plate only 
5170 0 316 0 OO14 
5173 6-0 316 0 0006 0 OOL6 
1531 0 317 0 OO12 
5533 64 317 0.0011 0 0334 
S318 3IS OO15 0.0020 
SOLO 0 0007 
3 0 0009 0 0081 


Table 4—Corrosion Rates of Plates and Butt Welds in Boiling 65% Nitric Acid 


average of five 4S-hr pe riods 


Stress relieved, Stabilized 


As-Welded 1300° F 1550° F 
WR 
Weld + R 7 
Welded PR Welded Pl Welded 
plate joint Plate joint Plate joint 
0.0000 0 0007 0 105 0.0211 
0 0010 0 0008 0 110 0 O92 0 0139 0.0121 
0.0012 0.0012 0 155 0.0319 
0 0060 0 0068 0 142 0 159 0 0212 0.0190 
0 0035 0 0023 0 O174 0 0255 0.0049 0.0043 
0 0009 0. 0009 0.160 0 0014 
0025 0 0016 0.174 0 159 0 0014 0021 


* The 318 electrode is used for welding 3l6ele plate 
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In all other cases the plate type 
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Type 316 All-Weld-Metal Specimens 


In this group a wide variation in composition was 
obtained from five lots varying in as-deposited ferrite 
content from zero to approximately 8°;. Plotting the 
average corrosion rates in boiling 65°; nitric acid as a 
function of the observed as-welded ferrite content, the 
effect of each of the five heat treatments upon the fe 
rite may be observed, as shown in Fig. 4 

In the as-welded condition the peak occurring in the 
specimens containing a low percentage of ferrite would 
probably be considered a ‘freak’? were it not that the 
same peak also occurs in the Type 317 specimens 
Furthermore the rates are not unexpected based upon 
previous data from commercial heats of Type 316 
veld metal. Metallographic examination of the as- 
welded specimens shows that in duplex alloys the at- 
tack occurs around the ferrite patches and in fully 
austenitic alloys the attack is intergranular (Pig. 5 
In multipass welding the heat effects caused by each 
layer upon the layer below cause metallurgical changes 


to oceur. Carbide precipitation is known to occur in 


TASTING TAE 


Twice FORT 


Fig. 2 Joint preparation and welding data 
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Table 5—Observations of Aborn Tests of All-Weld-Metal Specimens 


(Corrosion Stainle & 


+ 


innealed 
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_ attack are formed and the rates are very high. 


As -welded 


Ferrite, 


Llectrode Tensile Huey 
No. Type as-welded hars* test 
5170 316 0 0 0 
5171 316 0 0+ 0+ 
5172 316 0-2 l 4 
5319 316 17 12+ 10 
5173 316 6-9 12+ 12+ 
5531 317 0 0 0 
5532 317 2+4 10 10 
1533 317 69 12+ 12+ 
5317 3i8 0 0 0 
5318 318 4 4 


3l6cle 


Table 6—Magnetic Rating of All-Weld-Metal Test Specimens 


Aborn 


test 

0 

0+ 

3 

12 


0 


Stress Annealed 
relieved, Stabilized, Annealed, + 
1300° F. 1550° F. 1950° F sensitized 
Huey Aborn Huey Aborn Huey Aborn Huey Aborn 
test test test test test test test test 
0 0 0 0 0 0 0 0 
0 0+ 0 Missing 0 0 0 0 
0+ 0+ 0+ 0+ 0+ 
3 2 1 0+ 0+ 
3 9 9 2 2 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0+ 0 0 0 2 2 O+ 1 
0 0 0 0 0 0 0 0 
0 0 l O+ 


* Taken on threaded end. 


certain zones and the formation of sigma may also take 
place. When substantial amounts of ferrite are pres- 
ent, intergranular precipitation apparently does not 
occur during the heat cycles generated by welding, but 
such precipitates as are formed are associated with the 
ferrite patches. In fully austenitic alloys, all precipita- 
tion occurs in the grain boundaries. Apparently inter- 
granular precipitation does not form in sufficient 
amount in the fully austenitic weld metals to cause 
high-corrosion rates in the as-welded condition. In the 
presence of a small amount of ferrite, precipitation 
takes place both in the grain boundaries and around the 
relatively few ferrite patches (Fig. 5 (b)), and high- 
When larger amounts of ferrite 
are present, intergranular precipitation is prevented by 
the preferential precipitation around the large number 
of scattered ferrite pools,':?7 and although attack is ob- 
served at these areas, there is little or no continuity to 
form a progressive path of attack and the rates are 


corrosion rates occur. 


relatively low. 

When these weld metals are subjected to a 1300° PF. 
stress-relieving treatment, carbide and possibly sigma 
precipitation occur in all specimens. When these pre- 
cipitates form in grain boundaries, continuous paths of 
This 
effect may be seen in the specimens containing little or 
no ferrite. When sufficient ferrite is present, the pre- 
cipitates show a preference for the scattered ferrite 
pools rather than for the grain boundaries, and though 
attacked by nitric acid there is no continuous path and 
the rates are low. At this heat treatment much of the 
ferrite has transformed to sigma, as shown by Fig. 6 
(a) and confirmed by the change in magnetic rating 
shown in Table 6. 

The stabilizing heat treatment at 1550° PF. 
relatively high rates in the specimens containing little 
or no ferrite and excellent rates for the high-ferrite 


causes 


specimens. Referring again to Table 6 the magnetic 
rating indicates that most of the ferrite has transformed 
This observation is confirmed by the photo- 


This result 


to sigma. 
micrograph shown in Fig. 6 (5). 
surprising in view of other investigations, both of 
welds® and of wrought steels,’ that agglomerated sigma 
does not seem to be attacked in nitric acid. 


is not 
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In the annealed condition the rates are all satisfac- 
tory, which is to be expected. All precipitated carbides 
and sigma have either dissolved or become sufficiently 
agglomerated to have no effect on the corrosion rate. 
That ferrite is still present in the welds which originally 
deposited 8°% ferrite is indicated by the relative mag- 
netic rating in Table 6 and confirmed by metallo- 
graphic observations (Fig. 6 (c)). 

The annealed-plus-sensitized specimens all show ex- 
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fig. 3 Location and shape of corrosion specimens from 
welded joints 
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tremely high rates of attack, the greater the original 
ferrite content, the greater the attack. At first glance 
it is difficult to understand why the 1300° F. stress- 
relieving treatment should give so much lower rates in 


the highly ferritic weld metals than those which had an 
anneal prior to the 1200° F. sensitizing treatment. The 
explanation lies in the fact that the annealing treatment 
has greatly reduced the surface area of the ferrite pools, 
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Fig. 4 Corrosion rates of all-weld-metal specimens in boiling 05% nitric acid 
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Fig. 5 Type 316 weld-metal structures in the as-welded condition showing edge attacked by boiling 659% nitric acid 


(a) Specimen 5170, fully austenitic «tructure, showing intergranular attack (b) 
attack and attack at the ferrite patches. (c) 


Specimen 5172 having 0-2 % ferrite, showing both intergranular 
Sp on 5173 having 6-9 % ferrite, showing no intergranular attack and relatively little attack at the 


ferrite patches. Etchant: 10% oxalic acid, electrolytic 
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hig. 6) Type 316 weld metal originally containing 6-9&% ferrite 


(a) After a 1300) FB. stress-relieving treatment, ferrite has largely transformed to sigma without agglomeration. 
ment, ferrite has almost completely transformed to sigma in a partially agglomerat ° 
come agglomerated. Etchants: 


into solution and the remainder ha- 
see., (©) 10% oxalic acid electrolytic 


partly by solution but largela by the agglomeration of 
any remaining ferrite. As a result the subsequent sen- 
sitizing treatment permits most of the precipitation to 
occur at grain boundaries. It is believed that in the 
highest ferrite specimen the effective ferrite-austenite 
boundary area is reduced approximately to the level 
found in as-deposited 0-20, ferrite specimens, which 
explains the similarity in corrosion rate between speci- 
mens 5172R and 5173N + 8. 

The tests in copper sulphate-sulphurie acid confirm 
some of the observations obtained from the nitric acid 


tests. On the basis of other published work?~*® it is 


_ believed that the Aborn solution does not attack sigma 
and that evidence of intergranular attack is primarily 


attributable to carbide precipitation. In Table 5, 
therefore, it is not surprising to find that after the 1300 
F. stress-relieving treatment intergranular attack oc- 
curs only in the specimens containing no ferrite, be- 
cause the carbides precipitate at the ferrite patches if 
there are any present. For all the V + S specimens, 
except the one containing the highest amount of fer- 
rite, the annealing treatment dissolves any ferrite pres- 
ent in the as-welded condition (Table 6) and subse- 
quent sensitization at 1200° F. 
attack to become evident in the Aborn test. 

The bending of the Aborn test specimens gives sup- 
port to the contention that fissures will be encountered 


causes intergranular 


in weld metals containing no ferrite, and those con- 
taining ferrite will become embrittled by the transfor- 
The 
embrittling effect is more pronounced as the ferrite 


mation of ferrite to sigma at 1300 and 1550° F. 
content is increased. 
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(b) After 1550 F. stabil 


form. (c) After a F. quench-anneal, some fe 


(a) and (b) 10% sodium cyanide electrolytic at lamp. per square i 


Type 317 All-Weld-Metal Specimens 


The similarity in the nitric acid corrosion rates for 
Types 316 and 317 in the various heat-treatment con- 
ditions is shown in Fig. 4. Only a few differences re- 
quire comments, for it is believed that the corrosive 
mechanism in both cases is generally the same. 

The highest ferrite Type 317 composition in the as- 
welded state fails to show the drop in corrosion rate 
exhibited by the Type 316 series. This specimen shows 
a very marked nonuniform attack as is seen in Fig. 7. 
After microscopic examination it was found that the 
areas which stand out in relief are areas containing 
visible sigma particles, presumably transformed from 
the ferrite by the hegt of welding subsequent layers. 
The corroded areas show no evidence of sigma and the 
attack apparently follows the ferrite network. The 
most likely explanation for the striking difference in 
corrosion rate between these two areas is that where 
the time and temperature are sufficient to agglomerate 
the sigma (Fig. 7 (b) ), little attack. occurs, but where fine 
particles of sigma are believed to be present (although 
this cannot be observed) the corrosive attack is severe 
(Fig. 7 (¢)). The Aborn test specimen treated similarly 
shows no evidence of intergranular corrosion and thus 
it is believed the attack by nitric acid is caused by a 
sigma precipitate. 

Severe intergranular attack occurs in the stress- 
and in the annealed-plus-sensitized fully 
austenitic specimens. Although the nitric acid rates 
are equally high for both conditions of heat treatment, 
the stress-relieved Aborn specimen failed in a brittle 
manner when bent only the slightest amount. With the 


relieved 
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Type 317 weld metal containing about 8% ferrite in the as-welded condi- ized and 
tion after 5 periods in boiling 659% nitric acid 


(a) One edge of all-weld-metal corrosion specimen. 


and (c) 10% oxalic acid, electrolytic. Reduced in reproduction 
exception of this specimen in which it is impossible to 
observe fissuring, fissures or hot tears are exhibited by 
all the fully austenitic bend specimens 

The loss in ductility resulting from any of the treat- 
ments involving temperatures from 1200 to 1550° F. is 
Aborn 


Since there is no evidence of intergranular 


clearly demonstrated by the partially ferritic 
specimens. 
attack, the embrittlement is apparently caused by the 
transformation of ferrite to sigma. Even the annealed 
specimen 5533N, shows a slight loss in ductility caused 


by a ferrite to sigma transformation (Fig. 8 


Type 318 All-Weld-Metal Specimens 


The number of compositions which are available are 


too few to indicate any trend with respect to the 


original percentage of ferrite. Nevertheless, comparing 
Types 316 and 318 as-welded 


specimens, the latter are slightly lower than the worst 


the nitric acid rates for 


but much higher than the best rates obtained on the 


Type 316 specimens. The addition of columbium has 


probably increased the tendency for fine particles of 
sigma to form even in the as-welded specimens. The 
stress-relieved and annealed-plus-sensitized corrosion 
rates reflect the stabilization of the carbon by colum- 
bium, resulting in somewhat lower rates than for the 
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(b) Microstructure of zone relatively resist- 
ant to nitric acid showing ferrite which has partially transformed to siema 
of zone deeply corroded by nitric acid showing ferrite im as-deposited condition. 


corresponding Type 316 specimens, 


but the results are far from accept- 
able on the basis of the usual stand- 
ards Again the 


pre ybably 


presence of sigma 
high-nitrie 
stabilized 


explains the 


rates on these otherwise 


grades, because, if intergranular car- 


bides were present, the Aborn speci- 
mens would show evidence of inter- 


attack 


stabilization heat 


granular This is not the 


case. The treat- 


ment gives reasonably satisfactory 


nitric acid rates presumably because 
the sigma has become agglomerated, 
but in so doing the ductility is greatly 
reduced as shown by the bend angle 
and elongation of the Aborn speci- 


mens 


Type 3l6ele All-Weld-Metal 


Specimens 


From only one composition of weld 
metal, the corrosion resistance of this 
relatively new composition is found 
By lowering 
the carbon from 0.06°% in Type 316 
metals to 0.034, the 
acid corrosion rates are below 
as-welded, stabil- 

conditions. In 


to be very satisfactory. 


weld average 


nitric 
0.0008 ipm. for the 
annealed 
the stress-relieved and in the 


wnnealed-plus-sensitized conditions, 


Etehant: (bh) 


the high-corrosion rates are prob- 


Fig. 8 Quench-annealed Type 317 weld metal originally 


containing 6-9% ferrite 
Whereas the corresponding Type 316 weld metal in this condition 
shows no evidence of sigma, the ferrite-to-sigma transformation has 


taken place in the above Type 317 weld metal. Etchant: 10% sodium 
cyanide electrolytic at Ll amp. per square inch for 30 see. 
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ably caused by finely precipitated sigma. No 
evidence of intergranular attack is observed in any of 
the Aborn specimens, and with the exception of fissures, 
the bend ductility is good in all heat-treatment condi- 
tions. The lower bend angle and ductility of the an- 
nealed specimen are caused by a major fissure at the 
point of greatest deformation. 


Plate and Butt Weld Specimens 


When studying variations in weld metal composition 
it is generally preferable to use the type of all-weld- 
metal specimen described above, because the influence 
of the unaffected and the heat-affected areas of the 
plate does not confuse the data obtained. It has been 
common practice in accelerated corrosion testing of 
welds to employ joint specimens and to supplement the 
corrosion data with qualitative observations of the 
area of greatest attack. For this reason, it was decided 
to prepare butt welds using certain of the electrodes 
from each group in order that the nitric acid corrosion 
data could thus be correlated with data which may be 
obtained by other laboratories following this more ¢om- 
mon procedure. 

The data shown in Table 6 are presented in graphic 
form in Fig. 9. The all-weld-metal corrosion rates from 
the pad specimens are plotted for comparison with the 
plate and joint data. These graphs reveal whether the 
plate corrodes more rapidly than the welds or vice 


versa. Generally, the average corrosion rate of the 
welded joint will be between the. two unless the heat 
effect caused by welding produces an area of highly 
attacked plate metal adjacent to the weld. Only the 
Type 317 specimens show any attack in this heat- 
affected zone. Since the weld area represents approxi- 
mately 25% of the total specimen surface in the joint 
specimen, the corrosion rate of the plate has a sub- 
stantially greater effect on the average rate for the en- 
tire specimen than the corrosion rate of the weld metal. 

In studying the relative attack on the various areas 
of the joint specimens, the influence of a high rate in 
one area upon the attack of a more resistant area is 
observed in many of the specimens. This is not sur- 
prising in view of the often cited caution that two 
specimens of varying rates should not be placed in a 
single flask for the nitric acid testing. The chromium 
ion resulting as a product of corrosion has been found to 
accelerate the corrosion rate." Thus in the as-welded 
Type 316 specimens, the plate shows relatively little 
attack when unwelded, but shows relatively greater 
attack when welded with the fairly resistant fully 
austenitic electrode and still greater attack when 
welded with the electrode depositing 6-9°% ferrite 
(Fig. 10). The reverse is found in most of the stress- 
relieved specimens where the high rate of attack on the 
plate metal appears to cause weld metal attack to an 
extent greater than that found in the all-weld-meta! 
specimens. 


Fig. 9 Huey test data for plate, joint and all-weld-metal specimens 
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(a) (hb) (e) 


Fig. 10 Type 316 plate and butt welds in the as-welded 
condition 


(a) Butt weld using fully austenitic weld metal, (b) plate only, 
butt weld using 8% ferrite weld metal 


In all four types of plate material, low-corrosion rates 
are observed in the as-received (mill annealed) condi- 
tion, but under the two conditions of heat treatment 
employed, only the Type 316ele with a 1550° F. heat 
treatment would be considered acceptable. It is sur- 
prising that the 1300° T°. treatment on this same plate 
gives the highest corrosion rate of any of the plates 
tested; this may well be caused by the intergranular 
precipitation of sigma which has been noted by other 
investigators. After 1300° F. the columbium-bearing 
Type 318 is the preferred alloy, though the rate is still 
far from acceptable. This same steel after stabilization 
at 1550° F. is improved, but not sufficiently to meet the 
usual acceptance standards. 

Because the corrosion rates of the heat-treated plates 
are so high, the welded joint data for the same heat 
treatments have little significance, except that they 
serve to remove the fear that weld metals will be the 
primary source of corrosion failure. In the as-welded 
condition, the mill-annealed plate is invariably superior 
and therefore the as-welded weld metal data should be 
carefully studied. It is chiefly for this reason that it 
was considered desirable to obtain small triangular 
sections of the weld metal from the welded joints in 
order to compare these results with those obtained from 
the weld pads. The comparison is indicated on the bat 
graphs by the small triangles representing the rates 
from the welded joint. For convenience, the rates are 


tabulated below: 


11/-Weld-M etal from 


Weld Welded 
No 7 pe ’ pad joint 
5170 0.0012 0.0014 
5173 316 0 0024 0 OO16 
5531 317 0 0 0012 
5533 0 0224 0 0334 
5318 318 0 0060 0 0029 
5610 Gels 0.0007 0 0007 


As would be expected, the agreement Is go d when the 
rates are relatively low. The lack of agreement in 5173 
is caused by the fact that the joint specimen shows 


scattered areas where the plate had not been completely 
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removed. When the rates are high the weld metal 
usually shows nonuniform attack, as illustrated in 
Fig. 7, and therefore the relative proportion of ex- 
posed area which is readily attacked will govern the 
average rate measured 

The specimens containing approximately w in. of 
plate on each side of the weld vield very little addi- 
tional information. The specimen does offer the op- 
portunity of exposing a greater proportion of the top 
and bottom weld metal surfaces with only a small 


amount of total plate area 


GENERAL DISCUSSION AND SUMMARY 


In evaluating the net result of this investigation, 
three important factors must be kept in mind. First, 
in order to avoid any tendency for fissures or hot tears 
to form in the weld metal a small percentage of ferrite is 
very desirable. Second, unless the percentage of 
ferrite exceeds 4°), the nitric acid corrosion rates in the 
as-welded, stress-relieved or stabilized conditions may 
be high. Third, when substantial amounts of ferrite 
are present, its transformation to sigma causes a sige 
nificant loss in ductility. From this, it would appeak 
that the user who is attempting to specify the composite 
tion of the weld metal is facing a dilemma 

The best compromise between welds which tend t@ 
fissure and those which lose ductility is to retain present 
standards for weld metal compositions. ‘To accept thig 
solution means continuation of what laboratory teche 
nicians may consider to be excessive nitric acid corros 
sion rates, but until service experience shows that the 
present standards are unsuitable, it seems preferable to 
ignore the nitric acid data 

For Type 316 the occurrence of fissures may not be 
found to be a serious fault in fully austenitic composis 
tions. By comparison with other commonly used 
austenitic weld,metals the molybdenum-bearing alloys 
are generally less subject to hot-short cracking than 
balanced compositions of alloys containing no molyb- 
denum. Should a particular service condition be found 
that clearly requires a weld metal free from ferrite, the 
problem of hot tears may not be serious unless the 
restraint is great. An excess of nickel beyond that 
needed to balance the structure, however, is believed to 
aggravate the condition and should be avoided 

The greater amount of molybdenum in the Type 317 
weld metals will further tend to reduce hot shortness. 
The only fully austenitic composition studied contains 
a substantial excess of nickel. It is believed that 
fissures can be eliminated in a fully austenitic 317 weld 
metal, although it would be preferable to permit a 
small amount of ferrite if this condition is to be en- 
tirely avoided in highly restrained weldments 

The combination of molybdenum and columbium 
has always caused difficulty with hot tears and cracks, 
and the only solution appears to be an unbalanced 
structure. Should it be found that ferrite or sigma 


present in such unbalanced alloys is detrimental from 
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the corrosion standpoint, then a truly serious problem 
is encountered. 

It is gratifying that the one composition of Type 

3lG6ele weld metal gives such a good account of itself 
both in corrosion resistance and in mechanical prop- 
erties. Sufficient data are not available to establish 
composition limits for this latest addition to the list of 
welding electrodes and perhaps when they are avail- 
able, it will be found that these excellent properties are 
not always produced. Comparing the weld metal data 
for Types 3l6ele and 318, it appears that the former 
can now be recommended for welding Type 316elc 
plate in preference to the latter. 

It is well known that quench-annealed stainless 
alloys possess excellent corrosion resistance. and duc- 
tility; weld metal is no exception unless fissures are 
present. Considerable confusion exists, however, 
among the various code-writing bodies regarding the 
optimum stress-relieving or stabilizing heat treatments 
to be used after welding. Loss in weld metal ductility 
occurs both at 1300 and 1550° F. if substantial ferrite 
is present, as this has been shown to transform to 

igma. There is some indication that the ductility of 
these welds is less at 1550 than at 1300° F. 

sion resistance all types of weld metal suffer at 1300° F. 
falthough at 1550° the resistance is apparently re- 
tored. While no data are available from this investi- 
gation, the apparent trend by industry to require 


In corro- 


ligher stabilization temperatures, such as 1625° or 
even 1700° F. would be expected to give better ductility 
und better corrosion resistance. On the other hand, the 
ise of 1300° F. for stress relieving would seem to be 
insuitable for corrosion service. 

An attempt has been made to explain the mechanism 
of the corrosive attack partly on the basis of the ob- 
rved microstructure of the specimens and partly on 
he explanations offered in the many excellent papers 
vently presented. Briefly the theory postulates the 

Boexistence of a finely precipitated sigma phase and 
@arbides. If these precipitates are in grain boundaries 
or around connected ferrite patches, a continuous path 
iB offered for the progression of the corrosive attack. 
Tf, on the other hand, these precipitates oceur primarily 
around the discontinuous ferrite patches, the corrosive 
attack is much less rapid. The stabilizing heat treat- 
ment of 1550° F. is believed to agglomerate the fine 
precipitate and render it harmless. The metallographic 
evidence is convincing that sigma particles resulting 
from the transformation of ferrite are relatively un- 
attacked by nitric acid, 

The 500-hr. tests in copper sulphate-sulphurie acid 
seem to reveal only intergranular carbide precipitation 
and not the postulated sigma precipitation. Thus, the 
columbium stabilized specimens and the extra-low 
carbon specimens show no evidence of intergranular 
attack by this test. 

The data were collected primarily on specimens pre- 
pared from weld pads, but several of the electrode 
compositions were used to prepare butt-welded speci- 
mens. From these welds it is found that small trian- 
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gular specimens of weld metal give nitric acid corrosion 
rates quite comparable to those obtained from the weld 
pads. The average rates measured on the joint speci- 
mens are influenced considerably by the resistance of 
the plate material. 

The evaluation of the suitability of a material for 
corrosive service cannot now be satisfactorily accom- 
plished by accelerated laboratory corrosion tests. Such 
tests, however, may become a very valuable tool in the 
hands of technicians who are properly schooled by 
service experience in the application of such tests. Ac- 
tual records of critical service experience for comparison 
with laboratory tests are not available at present. It is 
hoped that the program of field corrosion testing now 
being set up by the High-Alloys Committee of the 
Welding Research Council will provide the background 
needed to permit evaluation of corrosion resistance by 
accelerated laboratory tests. 
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Discussion by Krivobok 


This, the latest paper by Messrs. Schaeffler and 
Thomas, whose names have now become synonymous 
with thoughtful research on the metallurgy and weld- 
ing of stainless steels and on welding electrodes in gen- 
eral, is another valuable addition to our library on the 
above subject. The paper inspires careful study 
Having done so, I would like to put down those com- 
ments or questions which I believe to be pertinent 


V. N. Krivobok ix connected with the International Nickel Co.. Resear« 
und Developisent Div., New York, N. ¥ 
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My first comment is definitely in the nature of a 


question. While describing the procedure by which 
eleven variable compositions of electrodes were pre- 
pared, it is stated that the same heat of core wire was 
used, but that the weld-metal composition was adjusted 
by additions of ferro alloys to the coatings. In other 
words, to bring either chromium, nickel, molybdenum 
or columbium to the desired level, additions of these 
elements were made through coating. Is it not proper 
to suspect that introducing these elements in this man- 
ner is not the same, metallurgically speaking, as if the 
desired composition of the weld metal was achieved by 
having core wire of the proper analysis? ‘To illustrate 
the point, let us consult Table 1. This table tells us 
that the chromium composition of the electrode wire 
was 18.73°; Weld 5170 shows a chromium content 
of 17.78, that is, almost 1.0°, of chromium was lost 

In weld 5319 the chromium content is 18.897, and 
no loss of chromium has been experienced (the very 
little gain is probably an experimental error in analy- 
sis). What happened to the 1°) chromium in weld 
5170? Some of it, quite possibly, will be found in the 

weld in the form of oxides. What effect. would the 
presence of such and other oxides have on corrosion 
rates? 

I regret that I do not quite follow the discussion of 
the effect of ferrite pools on the rate of attack It is 
stated in the paper that ‘apparently intergranular 
precipitation does not form in sufficient amount in the 
fully austenitic weld metals to cause high corrosion 
rates in the as-welded condition.”” In the presence of a 
small amount of ferrite, it is stated, precipitation takes 
place at the grain boundaries and around “the rela- 
tively few ferrite patches,”’ and high corrosion rates 
occur. In the sentence quoted above the word “ap- 
parently” is of considerable importance. One is 
naturally curious to know why intergranular precipita- 
tion does not take place in the fully austenitic weld 
metals. 

An interesting suggestion follows, namely, we are 
told that when larger amounts of ferrite are present 
intergranular precipitation (in austenite, is 
prevented by preferential precipitation around the larg: 
number of seattered ferrite pools. It is not readily 
understandable how carbide precipitation in austenit 
a matter of solid solubility at any given temperature 
can be prevented by preferential precipitation around 
numerically fewer grains of ferrite. [cannot agree with 
this statement, unless | misunderstand its meaning 
Is it proposed for us to believe that if the structure 
contains both ferrite and austenite, the only carbides 
that would be precipitated at 1300° F. will be precipi 
tated in the ferrite patches? Even though ferrite 
grains- are present, some carbides are dissolved in 
austenite and under certain conditions these carbides 
will precipitate out. The only condition under which 
no precipitation of carbides is to be expected at the 
grain boundaries or within the grains of austenite would 


be if all the carbides diffused into the patches of ferrite 
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This cannot happen on logical grounds. My experience 
in these matters has been just the opposite. Disin- 
tegration, due to carbides out of solution, will be ob- 
served even in the presence of considerable amounts ot 
territe 

Further discussion of the effect of the 1300° F 
stress-relieving treatment (which, we agree with the 
authors, results in carbide and possibly sigma precipita- 
tion and would be expected to occur in all steels unde 
test will be most Phe explanation 1s 
repeated that when sufficient ferrite is originally present 
in the weld, the precipitates show a preference for the 
scattered ferrite pools rather than for the grain bound- 
aries. For this reason, even though the ferrite pools 
are attacked by nitric acid, there is no continuous path 
und the corrosion rates are lowered rhe authors sug- 
yest that with this treatment, namely, 1300 | much 
of the ferrite has transformed to sigma, submitting 
their Fig. 6 (a) and also magnetic readings in support 
of their belief. Assuming that ferrite has changed 
to sigma, it Is diffieult to acce pt the ¢ xplanation for the 
lower rates of attack. Most of us believe sigma phasé 
to be. and the authors themselves have it so described 
less corrosion-resistant than other constituents Should 


we not, therefore, expect relatively high rates in the 


presence of sigma phase? 

One observation which is quite interesting is that 
2 hr. at 1550° F. is enough to agglomerate sigma phase 
Frankly, this is rather surprising and I think that the 
iuthors themselves believe that under the described 
conditions of heat treatment, one might expect only 
partially agglomerated sigma 

It is most reassuring that this good technical papel 
treats the various AS per ts of the subject in an impartial 
manner. For example, it is suggested in this paper 
that the presence of ferrite in the welding bead 
mav lead to embrittlement because ferrite under certain 
conditions of heat treatment will be transformed to 
sigma phase. This is a distinet possibility and some of 
the work which it was my pleasure to carry out mn 
cooperation with Mr. Thomas justifies this belhet 

To continue our discussion, a suggestion which is not 
easily explained is presented by annealed specimen 
5533N which is described as having suffered a slight 
loss of ductilitv caused by a ferrite to sigma transtfor- 
mation. Since annealing of the sample was done at 
1950° F. is it not for the first time that we find sigma 
formation at this temperature? 

I believe a comment is warranted regarding Fig. 9 
The authors arrive at an important observation for type 
316 stainless This observation is that in the as-welded 
condition be it all weld-metal, weld joint or plate 
the rates are much lower than in the stress-relieved o1 
stabilized condition. If it is true it is indeed signifi- 
cant: The stabilizing treatment has been suggested 
it least in other alloys, to minimize corrosion by 
iffecting agglomeration of precipitated carbides 

I would like to suggest that while the explanation 


of various observed differences in the rate of corrosion 
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Weld Impact Results—Charpy Keyhole Notch 


Weld Test Stress relieved Stabilized 
type temp., ° F. As-welded, ft.-lb. Annealed, ft.-lb. 1200° F., ft.-lb. 1500° F., ft.-lb 
316 Room 27 5, 34.5, 27, 30.5 (30)* 31.5, 36 (33 45) 34, 30, 31.5 (32) 26, 30, 29 (28 
— 320 19, 14, 21 (18) 22, 22 (22) 14, 13 (13.5) 14.5, 11 (12.4 
3I6F Room 32, 31.5 (31 4) 31.5, 36.5, 40.5, 40 (37) 27, 25 (26) 11.5, 10.5 (11 
~ 320 17.5, 19.5 (18 5) 23.5, 27.5 (25.5) 7,7.5(7) 3, 2.5 (2.5 
318 Room 27 5, 27.5 (27 5) 33, 29.5, 30 (31) 30, 32.5 (31) 22, 21 (21.5) 
320 9, 17.5, 17 (14.4) 21.5, 19 (20) 17.5, 8.5, 18 (14.45) 13, 12.5 (12.4 
3I8F Room 20 5, 23, 15, 22, 20 (20) 26, 25 (25.4) 21.5, 17, 19 (19) 9.5, 8 (8.5) 
320 11.5, 10 5 C17) 16, 18, 10 (14.4) 7, 10,9 (8.5) 5.5, 5 (6) 


* Figures in italie in parentheses indicate averages 


attack is most stimulating and most conducive to care- 
ful appreciation of the role played by carbides, sigma 
and ferrite, one possibility was not considered. The 
weld bead is a cast alloy. A cast alloy is a segregated 
metal. Segregation means different rates of corrosion 
on a minute scale. It may even mean accelerated 
corrosion due to the adjacent areas of different com- 
positions and, hence, of different levels of resistance to 
attack. Thus, is it not possible that much of the dif- 
ference in corrosion rates may be attributed to the 
segregation which is impossible to avoid and to evalu- 
ate in the case of cast alloys? The microphotographs 
which are submitted with this interesting paper defi- 
nitely show the presence of segregation in the form of 
dendritic patterns. 

It is a distinct pleasure for me to submit to all those 
who are interested in the welding of stainless steels the 
above suggestions which, while expressing my thoughts, 
are designed to suggest attentive study of a valuable 
paper and the concepts which this paper postulates. 


Discussion by W. O. Binder 


Messrs. Schaeffler and Thomas have presented some 
very interesting and valuable data on molybdenum- 
bearing 18-8 steel welds, and they are to be commended 
in their efforts to reveal the influence of weld-metal 
composition on corrosion resistance, ductility and hot- 
tearing. The tendency for certain of these steels to 
exhibit high corrosion rates in nitrie acid after welding, 
with no signs of excessive corrosion in other testing media, 
has been extremely confusing from the standpoint of 
specifying the composition of the weld metal for service. 
Their observations that the nitric acid loss is associated 
with the formation of sigma are in general agreement 
with our own experience and with those of others re- 
ported during the recent A.S.T.M. symposium on 
Evaluation Tests for Stainless Steels. 

The authors have indicated a peak in the nitric acid 
ferrite content occurring at 
They indicated 


corrosion rate curve vs. 
about 2°) ferrite content in the weld. 
that this peak would have been considered a “freak” 
had it not occurred in both types 316 and 317 steel 
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welds at about the same ferrite content. It has been 
our experience that sand castings of types 316 and 317 
steel in the as-cast condition do not show such a peak 
in nitric acid corrosion rate as the ferrite content of 
the casting increases. For example, we have observed 
that the corrosion rate of sand-cast Type 316 steel 
containing 2.359% molybdenum and 0.06°, carbon 
decreased gradually from 0.09-in. penetration per month 
to 0.0008-in. penetration per month as the nickel content 
was increased from 9 to 14% in increments of 1 to 2©;. 
A similar trend was noted in the Type 317 steel castings 
containing 0.06%) carbon and 3.59% molybdenum. The 
latter decreased from 0.01- to 0.001-in. penetration per 
month as the nickel content increased from 10 to 16°. 
The lower rate of the latter steels in nitric acid is due 
to the almost complete transformation of ferrite to 
sigma during cooling in the sand molds. The lack of 
correlation in behavior between sand castings and weld 
metal may be due to differences in cooling rates. 

It will be noted in Table 1 of this investigation that 
in some cases the ferrite content of the weld has been 
increased by changing both the nickel and chromium 
content of the weld. It appears to the writer that the 
corrosion rate trends, shown in Fig. 4, are not altogether 
a function of the amount of ferrite present in the weld 
but may be due to changes in the composition of the 
sigma phase and ferrite resulting from increasing the 
chromium content. Perhaps the authors may have 
some comments to make on this point. 

As the authors have pointed out, three important 
factors must be kept in mind when evaluating the 
results of the investigation. First, a small percentage 
of ferrite is desirable to avoid fissures or hot-tears in 
the weld metal. Second, the nitric acid corrosion rate 
is high unless the percentage of ferrite exceeds 4°;. 
Third, when substantial amounts of ferrite are present, 
there is a loss of ductility after stress-relieving due to 
the transformation of the ferrite to sigma phase. 

To balance these divergent factors, it is obvious that 
some compromise is required. Because the need for 
crack-free welds is so important, it appears unwise to 
make any sacrifices in that direction unless the con- 
ditions of restraint are exceedingly mild. The com- 
promises, therefore, must be made with respect to 
ductility or corrosion resistance. 

The authors suggest that we should retain present 
standards for weld metal and disregard the lack of 
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corrosion resistance in nitric acid until service experi- 
ence shows that the present standards are unsuited. 
While this represents a reasonable attitude on the mat- 
ter of corrosion resistance, I am unable to determine 
from the text whether the authors have reached a con- 
clusion regarding the importance of cold ductility. It 
is believed that one of the important problems in con- 
nection with the wider usage of these steels is the cost 
of fabrication and that in order to simplify the fabrica- 
tion problem, the composition of the weld should em- 
body as much ductility as possible, consistent with 
adequate corrosion resistance. In Table 5, the authors 
have shown that unless the molybdenum content of 
the weld is limited to about 2%, it is impossible to meet 
the bend-test requirement of 20°, after stress-relieving 
at 1300 to 1550° F. It would be of interest to know 
whether the authors think it advisable to eliminate the 
Type 317 electrodes, except for special application 
wherein the higher molybdenum content is needed for 
corrosion resistance, because of its poor ductility 

I am in agreement with the authors’ comments con- 
cerning the confusion which exists regarding the opti- 
mum stress-relieving heat treatment to be used after 
welding. Loss in weld-metal ductility occurs both at 
1300 and 1550° F. if substantial ferrite and more than 
about 2% molybdenum are present in the steel 
Higher stress-relieving temperatures than 1600° F 
would be expected to give better ductility and corrosion 
resistance; on the other hand, such treatments produce 
greater distortion troubles. The use of 1300° F., 
while it is less harmful to ductility, decreases corrosion 
resistance and is only suitable if the carbon content of 
the weld is very low or a stabilizing element is present 
The problem is such a dilemma to the user of these 
steels that the need for further work to produce stress- 
relieving heat treatments which will provide satisfactory 
relief of stress without marked loss of corrosion resist- 
ance cannot be stressed too highly. It is believed that 
more study of the reduction of stress by the use of 
temperatures in the range of 800 to 1000° F. should be 
conducted as a means of avoiding the present difficulties 


Discussion by R. Aborn 


The paper by Messrs. Schaeffler and Thomas on 
“Corrosion Resistance of Mo-Bearing Stainless Steel 
Weld Metals” is a significant contribution, for, so far 
as I am aware, it provides the first systematic study of 
the effects of heat treatment on the Mo-bearing aus- 
tenitic grades of stainless steel weld metal 

The stand they have taken regarding the retention 
of present standards for weld-metal compositions, not- 
withstanding the high nitric acid corrosion rates which 
may be associated with some compositions, is highly 
commendable. 

My first inquiry concerns the reproducibility of their 
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observations on nitric acid corrosion rates. So far as 
I have been able to ascertain from reading the manu- 
script, the authors have conducted no duplicate tests 
and I have in mind the paper by Meunier and Schnadt 
in Arcos, 16, (94), 2161-2174 (Sept. 1939), in which they 
demonstrate the poor reproducibility of the nitrie acid 
test results on 18-8 weld metal 

I hope that the magnetic readings will be checked by 
microscopic examination, at least in the 1950° F. quench 
series in which the authors found indication of an 
amazing drop in ferrite content under conditions in 
which one would not expect the formation of sigma 
Our experience with 18-8 ingots is that the proportion 
of delta ferrite does not change significantly by any 
treatment. other than hot working. The magnetic 
test will presumably include any cold work ferrite 
resulting from specimen preparation. This effect, 
however, is possibly small owing to the relatively high 
nickel content 

I infer that the statements that sigma formed 
from ferrite at 1550° F . is relatively unattacked by 
nitric acid and would be interested to know whether 
the authors have any information leading them to 
believe that sigma, formed at a similar temperature 
from austenite only, shows a similar high resistance to 
nitric acid 

I believe all test names should be objective, with the 
aim of indicating so far as possible, the type and nature 
of the test. We merely adapted the CuSO -H,SO, 
test to our needs. As the concentrations of CuSO, 
H,SO, are close to 1°) and 8° respectively, I suggest 
this modification be called the 1-8 CuSO,-H.SO, test, 
and it might be further abbreviated to copper sulfuric 
test 


Discussion by P. Payson and L. C. Chang 


The data presented by the authors undoubtedly will 
be of considerable interest and value to industry 
There is some question, however, about the depend- 
ability of the explanation offered by the authors to 
account for the poor corrosion resistance of some of the 
as-welded and stress-relieved samples. Thinking it 
would be wholesome to have some substantiating 
evidence on the constituents in these samples, we asked 
the authors to let us run X-ray diffraction patterns on 
electrolytic extractions of test pieces used in the 
authors’ corrosion tests. The authors graciously agreed 
to this and sent us several of the samples which had 
been used for the acid copper sulphate tests, namely, 
the as-welded (W) and. stress relieved (R) samples 
of 5532 (Type 317), 5317 (Type 318) and 5610 (Type 
316¢el 

The extraction procedure used has been mentioned 


previously. To make certain that very fine precipi- 
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tates are not overlooked in the X-ray diffraction analy- 
sis, the main residue obtained in the electrolytic ex- 
traction is stirred up in a 50% ethyl aleohol-50% water 
solution and the fine particles which float on the surface 
of this solution are collected, washed and dried, and 
mounted in a 10-em. Debye-Scherrer camera. The 
X-ray pattern is made with Cr K radiation. 

Since the samples which had been used in the acid 
copper sulphate test were quite small, we were not al- 
together satisfied that the results we obtained from 
these pieces were absolutely dependable. We therefore 
asked the authors to send us additional weld pads of 
the same materials in both the as-welded and stress- 
relieved conditions. The new samples we received 
were large enough so that we felt sure we obtained 
dependable results. In the main the analyses of the 
extractions from the second set of samples agreed with 
those of the first. The data obtained are tabulated 
below: 


Bend 

angle 

Nitric acid 
acid copper 


rate, sulphate X-ray analysis of 


in. /mo., test, electrolytic ertraction* 
Table 3 Table 5 First Second 
Sam ple of paper of paper sam ple sam ple 


5532W (317) 0.0442 170 Sigma (2) Sigma (2) 
(1) Ma's (2) 
5532R (317) 80.103 140 Sigma (2) Sigma (2) 
(2) Mas€'s (2) 


SOLOW 0.0007 180 Sigma (1) Sigma (2) 
(31 6ele) 

SH1LOR 0 0027 180 Sigma (1) Sigma (2) 
(316ele) Ma's (1) (1) 


S317W (318) 0 0064 130 CbC Sigma = (Trace) 
(Trace) 
CbC (2) 

(2) Sigma (Trace) 
(Trace) 
(2) 


(318) O186 105 


* (1) designates faint line; (2) more intense line 


Thus, it appears from these results that although 
sigma Was present in all samples, carbide was present 
also in all samples showing high rétes of corrosion. 
Since sigma was found without carbide in the 316ele 
material which had a very low rate of corrosion in the 
as-welded condition, and sigma was found with carbide 
in the 3l6ele material which had a higher rate of 
corrosion in the stress-relieved condition, it follows 
that the higher rate of corrosion in the stress-relieved 
steel was attributable to the presence of precipitated 
carbides rather than sigma, in spite of the fact that 
this steel contained only 0.034, carbon. This finding 
contradicts the authors’ explanation for the cause of 
the higher corrosion rates in this steel in the stress- 
relieved and in the annealed-plus-sensitized conditions. 
The fact that the acid copper sulphate solution did not 
attack the samples in which MbsCs was found merely 
indicates that the acid copper sulphate test used was 
much less sensitive than the nitrie acid test in showing 
the presence of precipitated carbides. 

Itisof considerable interest tonote that the columbium 


carbide was the dominant constituent in the extraction 
product from the Type 318 samples. Although a trace 
of the MajC. (chromium) carbide was also found in 
these samples it seems reasonable to conclude that the 
cause of the high corrosion rates in these samples was the 
presence of fine columbium carbides rather than chro- 
mium carbides. 


Authors’ Reply 


The authors are grateful to Messrs. Krivobok, Binder, 
Aborn and Payson who have taken the time to review 
our work and who have brought out significant points 
for critical study. 

Dr. Krivobok has correctly pointed out the deviation 
in chromium content from the 18.0°% desired in the 
specimens 5170, 5171, 5172 and 5319. Although these 
were all prepared from a single heat of core wire, the 
desired variation in composition has been achieved by 
introducing metal powders into the coatings. The 
normal oxidation loss of chromium in are welding is 
shown by specimen 5172, which has no metal powders 
excepting the usual deoxidizers, and results in a loss of 
0.51°% Cr (18.73 in the core wire to 18.22 in the weld 
deposit). It is relatively simple to increase the nickel 
to 13 and 14° in specimens 5171 and 5170, but in so 
doing the chromium content decreases, not by any dif- 
ferences in oxidation as Dr. Krivobok implies, but by 
dilution from the added nickel powde.. In order to 
decrease the nickel to 11°) for Specimen 5319 it was 
necessary to dilute the filler metal by additions of 
powdered iron. The iron would also cause an excessive 
dilution of chromium and therefore ferro-chromium was 
also added. Actually the resulting chromium in this 
specimen was a little greater than desired, but since 
it gave a ferrite content almost exactly between that of 
specimens 5172 and 5173, it did not seem necessary 
to make another attempt to adjust the chromium con- 
tent. 

Dr. Krivobok’s queries as to the formation of pre- 
cipitates and their effeets on nitric acid corrosion resist- 
ance indicate some misunderstanding of our explana- 
tions. Intergranular precipitation does occur in fully 
austenitic weld metals, but not in sufficient amount to 
cause high corrosion rates in the as-welded state. After 
a 1300° F. stress relief, additional precipitation occurs 
at the grain boundaries, and the corrosion rates are 
much higher. When about 4°; or more ferrite is pres- 
ent, all precipitation occurs around the ferrite patches 
(actually it is impossible to determine microscopically 
after applying the usual etching techniques where the 
grain boundaries are!). In the absence of intergranu- 
lar precipitates in either the as-welded or the 1300° F 
stress-relieved conditions, the attack by nitric acid is 
limited to the ferrite boundaries which do not present 
a continuous path for progressive attack. In weld 
compositions containing small vercentages of ferrite, 
intergranular precipitation occurs in both the as-welded 
and stress-relieved conditions, snd the corrosive attack 


is greater in these specimens because vw have not only 
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the intergranular attack which gives a continuous path 
for corrosion, but the attack around the ferrite patches 
which helps to widen the approach to the grain boundary 
as shown in Fig. 5 (b) 

It is not surprising that questions should arise regard- 
ing the apparently anomalous behavior of sigma in 
resisting nitric acid corrosion Throughout this work 
we have found evidence of the transformation of the 
ferrite to sigma, i.e., loss in ductility, change in magnetic 
The nitric acid 
corrosion rates, however, do not show any unusual 


rating and microscopic examination 


attack on the sigma constituent when present in dis- 
continuous massive particles resulting from the ferrit 
transformation. The presence of a fine sigma precipi- 
tate which cannot be observed microscopically Is postu- 
lated to explain high corrosion rates which cannot be 
accounted for by the presence of carbide precipitation 
alone. For example, why should the corrosion rates 
of the Type 317 alloys having the same carbon content 
be so much higher than Type 316 alloys unless a large 
amount of such a sigma precipitate were present; or 
why should all the partially ferritic specimens in the 
as-welded condition give so much higher rates than is 
normally found in non-molybdenum stainless weld 
metals of the same microstructure. Other investiga- 
tions recently reported contribute evidence in support 
of the concept that a fine precipitate of sigma causes 
high nitric acid rates; when present in an agglomerated 
form, such as results from a transformation from the 
ferrite patches, the attack is relatively slight. We agree 
with Dr. Krivobok that the agglomeration of sigma 
at 1550° F. for 2 hr. may be only partial, but appar- 
ently it is sufficient to reduce greatly the nitric acid 
corrosion rates 2 
The presence of sigma and the loss of magnetism in 
annealed specimens has been questioned both by D1 
Krivobok and by Dr. Aborn 
in the annealed Type 317 specimen, was included be- 


Figure 8, showing sigma 


cause it was surprising to us to find practically all of 
Further- 
more, this observation explained the change in magnetic 


the secondary phase in the form of sigma 


rating from 12> in the as-welded condition to 2 in the 
annealed condition. As a result of these questions, we 
decided to anneal the as-welded Type 317 corrosion 
specimen (5533W Unfortunately, we were unable to 
reproduce either the low magnetic rating or the large 
percentage of sigma 
heated to 1950° F., 
Fig. 1, and while the magnetism was still further re- 


The same specimen was again 


this time slowly at a rate shown in 


duced to a value of 9, this was disturbingly far from the 
value of 2 found originally. Since no more weld metal 
of this composition was available for further tests, we 
turned to specimen 5532W which was cut in two equal 
parts, both of which were then annealed at 1950° F 
one by rapidly heating in a furnace previously set at the 
desired temperature and the other by slow heating as 
above. A more sensitive method of magnetic rating 
was employed, involving the suspension of the same 
type of magnet from a triple-beam balance and deter- 
mining the weight required to separate the magnet 
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from the specimen. In the as-welded condition the 
rating by this method showed about 14 gm., whereas 
after the anneal the rating was 2 gm. on both the rapidly 
heated and slowly heated specimens. These magnetic 
ratings agree substantially with the values reported 
for this weld metal in Table 6 

The four photomicrographs in Fig. A were taken of 
representive areas in this specimen. The upper two 
photomicrographs with the sodium cyanide etch alone 
outline the sigma particles only and show substantial 
amounts in the right-hand photo, similar to Fig. 8. 
Ferrite patches in the identical areas are identified 
in the lower photographs only after subjecting the 
specimen to an additional etch with oxalic acid. These 
observations do not answer the question as to whether 
or not the sigma formed at the annealing temperature, 
because it is conceivable that the sigma was present in 
If so, the loss 
in magnetism must be attributed to the solution of 


certain areas in the as-welded condition 


ferrite, an explanation which apparently does not agree 
with Dr. Aborn’s experience, but is confirmed by the 
observation of magnetic ratings of the other specimens, 
On the other hand, very few of the other specimens show 
such a great loss in magnetic rating, suggesting that the 
solution of ferrite is only partly responsible for the losg 
in magnetism and the formation of sigma accounté 
for the remaining observed difference. The inability 
to obtain reproducible results after a 1950° F. anneal 
indicates the need for more investigation of other welde 
metal specimens before definite conclusions can bé 
drawn. 

The authors are grateful to Dr. Krivobok for raising 
the significant point on the role of segregation in the 
corrosion resistance of weld metals. No mention wag 
made of this point only because it was felt to have a 
minor influence, if any. In certain studies of stainless 
welds microscopic segregation of the austenite phase is 
believed to play an important role, but in this case, there 
seemed to be no observed result which was not ade- 
quately explained by the presence of ferrite, sigma or 
carbides 

Mr. Binder’s experience with cast alloys is extremely 
valuable, particularly since weld metal and castings are 
The fact that the 
two forms of metal perform quite differently in the 


frequently thought to be similar 


nitric acid test suggests that considerable caution should 
be exercised in carrying the analogy of the two processes 
too far. As he suggests, the lack of correlation is prob- 
ably due to the difference in cooling rates 
It is interesting to speculate on the results which 
would have been obtained if it had been possible to hold 
the chromium content more constant in the Type 316 
series as Mr. Binder suggests. The relatively small 
difference in chromium content between 5172 and 5319 
18.22 and 18.89°7, respectively) has produced enor- 
mous differences in corrosion rates, while the large 
difference in chromium content between 5319 and 5173 
(20.55°7) has resulted in relatively small differences 
in corrosion rates. These observations lead us to the 


conclusion that the chromium level in Type 316 had 
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Hittle effect on the corrosion resistance excepting as it 
‘influenced the amount of as-welded ferrite. Neverthe- 
less, we agree that the chromium level should not be 
overlooked in analyzing corrosion data because in 
non-molybdenum weld metals it is found to have a pro- 
found effect. 

Mr. Binder’s inquiry as to our recommendation on 
the application of standard compositions of Type 317 
electrodes may be answered by pointing out that satis- 
factory ductility can be obtained in the as-welded and 
annealed conditions. Since most of the applications 
of Type 317 electrodes are not heat-treated after weld- 
ing, and since the 3°, molybdenum imparts greater 
corrosion resistance to certain media, there would appear 
no good reason for discouraging its use in the as-welded 
condition even though the nitrie acid test does not 
show adequate corrosion resistance. In the annealed 
condition, of course, Type 317 welds show good cor- 
rosion resistance and good ductility. 

Dr. Aborn raises an important point on the repro- 


Ce: 


Fig. A. Specimen 5532. Quench-annealed, Type 317 weld metal originally estimated to contain 4-7% ferrite. Upper 
photomicrographs show structure after an etch with 109% sodium cyanide electrolytically at 1 amp. per square inch for 
30 sec. to reveal sigma only. Lower photomicrographs show identical areas after an additional electrolytic etch with 
10% oxalic acid to reveal ferrite. Area in the left-hand photos shows ferrite with almost no sigma; area at right shows 
sigma with almost no ferrite. X 1000 


ducibility of nitric acid corrosion data on weld metal. 
As he has surmised the values reported represented 
tests on single specimens in each condition. Previous 
investigations have convinced us that the reproduc- 
ibility of duplicate specimens was of the order of 10% 
which was adequate for the purposes of this investiga- 
tion. Though not reported in this paper, certain speci- 
mens were first tested in our laboratory, then reground 
and retested by another laboratory with the following 
results (reported to the fifth decimal point): 


Arcos Outside Deviation, 
No. lab lab. 1, % 
0.00146 0.09129 00133 10 
0 00087 0 00074 Q0080 9 
5I7IW 0.09088 0.09123 09105 16 
0 00069 0 00075 00072 
5171T 0.00201 0.09213 00207 3 


The 16°, deviation in Specimen 5171W is believed to be 
unusual because of failure to remove all of the attack 
occurring in the first corrosion test. In one case a new 
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specimen was prepared from the same electrode with 


the following results: 
Deriation, 

No Pad 1 Pad 2 1: a 

5531W 0.00106 0.00128 0.00117 9 
Greater deviations occur in some cases when the weld 
specimens are obtained from different types of weld- 
ments as is seen in Fig. 9 and in the text under dis- 
cussion of the all-weld-metal values from pad welds and 
In specimen 5318W (Type 318 


the pad weld gave twice the corrosion rates of the two 


from welded joints 


triangular specimens machined from joints in Type 318 
or in Type 316e/e plate. Possibly duplicate pad speci- 
mens in this condition would have been desirable in 
view of the consistent values obtained from the two 
triangular specimens. Finally, a comparison of the 
rates obtained on all specimens of the 5170 and 5171 
series, which are fully austenitic Type 316 analyses but 
differ by 1% in nickel, shows remarkably good correla- 
tion excepting in the stabilized condition; in our opin- 
ion this uniformity justified plotting the average results 
from these two compositions as representative of fully 
austenitic weld metals in Fig. 4. While we agree with 
Dr. Aborn that the accuracy would have been improved 
by testing duplicate specimens, we do not believe that 
the trends observed would have been materially 
changed. 

We have no information which would answer Dr 
Aborn’s question regarding the influence of sigma 
which has transformed from austenite at 1550° F 
On the basis of published work, however, we question 


the inference that sigma does form from austenite, but 
rather prefer to believe that it forms from minute crys- 
tals of ferrite which may occur at grain boundaries or 
other discontinuities of the lattice strueture and which 
then grow to a size which can be detected 

The data contributed by Mr. Payson are greatly 
appreciated. The presence of sigma in all specimens 
which were tested is gratifying confirmation of our sus- 
picions. In the Type 317 specimens, sigma is clearly 
found by microscopic examination in large particles 
But in types 318 
Although 
Mr. Payson’s evidence in the case of the 316ele would 


associated with the ferrite patches 
and 3l6elec no sigma could be detected 


seem to indicate little influence of the finely precipi- 
tated sigma particles on the nitric acid corrosion rates, 
we believe that the story is still incomplete because 
we have not vet determined the form, size, com- 
position and continuity of the precipitate which may 
influence the corrosion behavior to an extent greater 
than the mere presence or absence. More studies of the 
type Mr. Payson has conducted are needed, especially 
on the Type 316 specimens and on weld metals contaiml 
ing no molybdenum 

The authors will readily agree that this most entrané 
ing field of austenitic stainless steels will require many 
hours of intensive fundamental research before all the 
secrets of the phase transformations are discovered 
Discussions such as these provide a forum for the exe 
change of ideas which should contribute their part t@ 
the discovery of facts which will eventually be valuable 
to industry 


Electrodes for Spot Welding Galvanized Stee 


® Influence of electrode tip shape and material in 


spot welding galvanized 


steel. Relative merits 


and machine settings for each type are discussed 


by Harry B. Spore 


PREFACE 
HIS paper has been prepared in an attempt to pre 
sent to those interested in spot welding of galvanized 
steel a study of the influence of electrode shape and 
An effort is 


made to suggest appropriate machine settings for each 


material on the weld characteristics 


tip shape and to indicate the relative merit of each 
This investigation was based on spot welding of 1.0- 
and 1.7-0z. coatings of 22-gage galvanized steel, the 


spot welding being performed on a 75-kva. capacity 


Harry B. Spore is Inst 
Texas, Austir ex 
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welder. This investigation is intended to be of benefit 
to fabricators of galvanized steel articles, presenting 
them with information relative to electrode tip shape 
and material. It also may provide other researchers 
with data whereby they can proceed into related in- 
vestigations of spot welding. This project is one of a 
series of spot-welding research studies performed at the 
University of Texas under the guidance of Prof. M. L. 


Begeman 
INTRODUCTION 


Scope of the Investigation 


The general purpose of this investigation was to 


obtain factual data concerning the influence of elec- 
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trode shape and material in spot welding galvanized 
steel. The study was divided into two parts. 

Electrode Tip Shape. YVlectrode tip shapes custom- 
arily used in industry for spot welding galvanized steel 
were selected. Using these tips, all having the same 
basic chemical and physical properties, a series of welds 
were made with each tip covering a selected range of 
conditions: Pressure, weld time and welding current 
were varied. The degree of flashing and the sticking 
of electrode tips to the galvanized sheets were noted 
and then the indentation, disturbance of the zine coating 
and tensile strength of each weld were recorded. 
From this data it was possible to discuss the relative 
merits of each tip shape and to recommend a general 
range of machine settings for spot welding the mate- 
rial used in this study. 

Electrode Tip Material. The purpose of the second 
phase of this investigation was to determine what differ- 
ence, if any, in the weld quality was obtained by using 
R.W.M.A. Class I or Class IL electrode tips with the 
various tip shapes. These two materials differed in 
their physical properties; the R.W.M.A. Class I 
having the highest electrical and thermal conductivities. 
Electrode tips of both R.W.M.A. classes were ob- 
tained from the Mallory Co. and the Ampco Metal Co. 
This furnished a measure of the accuracy of the results 
obtained since the physical properties of electrode tips 
of a certain class are essentially the same. Thus the 
electrode tips of a definite shape and class manufactured 
by the Mallory Co. should yield the same weld char- 
acteristics as the corresponding tips made by the Ampco 
Metal Co. For these tests the tip pressure was stand- 
mrdized at 65 psi. on the basis of the results from the 
study of tip shape. Welding current and weld time 
Avere varied for each of the two materials from each 
company using the four electrode tip shapes, giving 
data for a comparison of the twe materials and its 


rorrelation with the tip shape. 


i 
Description of the Equipment 


Welder. An Acme alternating-current type hot 
spot welder was used for welding all the components 
studied in this investigation. The name plate data 
are as follows: Type, 3-18-75; Style, SOAR; volts, 
220; cyeles 60; primary amperes, 341; Serial No., 
2390. The machine is rated at 75-kva. capacity with 
a 50°) service demand at 250 v. The power circuit 
operates at 220 v., 60 eveles and the control circuit 
operates at 110 v., 60 cycles. The entire system uses 
single-phase alternating current. Figure | pictures the 
machine as it is set up in the laboratory. 

Control equipment. Figure 2 shows the control and 
timing equipment used in conjunction with the welder. 
On the left side of the picture may be seen a General 
Eleetrie control panel. It contains the adjustments 
for weld time and percent heat. The automatic con 
trol of the current and weld time depends upon the 
ability of thyratron tubes to accurately measure and 


control alternating-current cycles. In this way proper 


32-8 Spore—Spot Welding Galvanized Steel 


Fig. 1 Spot welder, sequence and thyratron control panels 


correlation between the electrical and mechanical 
functions of the welder is obtained. 
On the right side of the picture is a General Electric 


Fig. 2) Control panel 
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Type CR 7508-F, Number ¢ 7503-F sequence 
panel. It has adjustments for squeeze time, hold 
time 2nd off time. The off time is not used in single 
spot welding such as that performed in this investiga- 


tion 


Specimen Preparation and Test Equipment 


The materials used in this study were sheets of 22- 


gage galvanized steel supplied by the American Rolling 
Mill Co. The zine coating WAS applied by the hot 
dip process and two weights of coatings were used 
1.0 oz. per square foot and 1.7 0z. per square foot 

\fter being cut tothe standard test size of 4.5 in. long 
and | in. wide, the specimen edges were ground lightly 
fo remove any burrs, and then degreased with carbon 
tetrachloride. 

In welding the specimens a special nonmagneti 
welding jig was used to corre tly position the work 

The tensile strengths of the welded specimens were 
checked with a Southwark-Emery Hydraulic Universal! 
Testing Machine equipped with a Tate kmery | vac 
Indicator The holders used to grip the specimens 
were 10,000-Ib. capacity Templin grips 

Weld indentation was measured ac urately to one 
thousandths of an inch by means of a Federal Model 
19 P-409-R1, Serial Y-4539, indicating outside calipers 


EXPERIMENTAL PROCEDURE 


As outlined previously, this investigation was divided 
into two parts; influence of electrode tip shape, and elec- 


trode tip material in spot welding galvanized steel 


Electrode Tip Shape 


It was felt that the electrode tip shape was the most 
logical subject to be studied first, thus giving results 
from which the second phase of the investigation 
could be greatly simplified. The following electrode 
tips furnished by the P. R. Mallory Co. of Indian- 
apolis, Ind., were selected as representing commercial 
shapes most often used in spot welding galvanized 
steel 


l Pointed tip with taper shank 
a) 3228 (Class If Mallory 3 
2. Dome tip with taper shank 
a) 3129 (Class IT Mallory 3 
3. Radius faced tips 
a) 3527 (Class IL Mallory 3) 2 in. radius 
b) 3627 (Class IT Mallory 3) 10 in. radius 


The combination of welding variables selected for 


this phase of the investigation was as follows 


Air pressure, psi 10 65 00 

Weld period, cycles 3 7 11 

Heat, ‘ 5 70 SS 100 
Material coating, oz 10 ] 


The procedure used for making this series of welds 


was as follows 
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With the air pressure gage set at 40 psi., the weld 
time was set at 3 cycles and the per cent heat was 
varied from 55 to 100 at intervals of 15°); for each set 
of conditions 3 welds were made on the 1.0- and the 1.7- 
oz. coated material The above sequence of operations 
was repeated with weld periods of 7 and 11 cycles 
Then the air pressure was increased to 65 psi. and the 
entire procedure was repeated. Upon completion of 
the 65 psi. pressure the 90 psi. pressure was used 

(‘are was taken to Insure « lean tips at the beginning 
of each weld by dressing the tips lightly with a 320 
grit carborundum paper. Clean tips which were 
refaced in a lathe were always installed at the beginning 
of each series of welds involving a new value of air 
pressure or when the pickup of zine seemed excessive 

Several test welds were made with each new set of 
electrode tips or with each new machine setting to 
properly condition the electrode tips and make sure the 
spot welder was functioning properly. Welds were 
made by placing the two pieces tn the welding jig, 
turning the test switch to the “on position, and 
depressing the floor switch through its first and second 
stages Ample time was allowed to elapse between 
successive welds to permit the electrode tips to returfil 


toa cool temperature 


Electrode Tip Material 


As a result of the first phase of the investigation, it wag 
decided to use an intermediate pressure of 65° psik 
and a low weld time of 3 cycles in studying the effecé 
of electrode tip material Electrode tips of R.W.M.Ag 
Class IT and Class Il were obtained from the Mallory 
Co. and the Ampco Metal Co. To investigate the 
possibility of one material being best suited to a parties 
ular tip shape, each tip shape was included. The 


electrode tips used are as follows 
Ampeco Co. trps 


] Pointed tip vith tapel shank 
a) WA 128 (Class IT Ampcoloy No. 99 
b) WA 228 (Class IT Ampcoloy No. 97 

» Dome tip with tapered shank 
a) WB 128 (Class | Ampcoloy No. 99 
b) WB 228 (Class II Ampcoloy No. 97) 

3. Radius faced tip 
a) WR 1210-2 (Class I Ampcoloy No. 99 
b) WR 2210-2 (Class If Ampcoloy No. 97 
c) WR 1210-10 (Class | Ampecoloy No. 99 
d) WR 2210-10 (Class Il Ampcoloy No. 97 


Mallory Co. tips 


| Pointed tip with taper Shank 
a 1228 (Class I Elkaloy A 
h) 3228 (Class Il Mallory 3 
” Dome tip with taper shank 
a) 1129 (Class I Elkalov A 


b) 3129 (Class Il Mallory 3 
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Radius faced tip. 
(a) 1527 (Class I Elkaloy A), 2 in. radius 

(b) 3527 (Class I] Mallory 3), 2 in. radius 

(ce) 1627 (Class I Elkaloy A), 10 in. radius 

(d) 3627 (Class II Mallory 3), 10 in. radius 


As a matter of interest, a series of welds were made 
with Mallory “3” flat tips and 6-in. radius tips in 
addition to those listed above. 

The study of electrode tip shape further brought 
out the fact that the 1.0- and 1.7-0z. coated materials 
followed a similar trend, so it was deemed advisable to 
use, in the interest of simplicity, only the 1.0-0z. coated 
material in the study of electrode tip material. 


INTERPRETATION OF EXPERIMENTAL 
RESULTS 


General 


The initial phase of the interpretation of experimental 
results represents an effort to show by the use of com- 
posite curves the general effect of the major variables 
on the physical properties of the weld using each of 
the four electrode tip shapes. These results combined 
with factors such as flashing, disturbance of the zine 
coating, sticking of electrode tips and types of failure 
vield a comparison of the four electrode tip shapes and 
the optimum machine settings for each. 

The second part of the interpretation of experimental 
results utilizes data for a comparison of R.W.M.A. 
Class I and Class II eleetrode tip materials. Curves 
were plotted showing the variation of weld strength 
and indentation with welding current for each of the 
four electrode tip materials with each electrode tip 
shape. With these curves certain conclusions were 
drawn as to the influence of tip material and the con- 
sistency of results obtained in spot welding hot-dipped 
galvanized steel. 


“Study of Electrode Tip Shape 


The Effect of Tip Pressures on Weld Strength and 
Indentation. The composite curve of Fig. 3 illustrates 
the effect of tip pressures on weld strength at various 
welding currents for all weld periods for the 2-in. radius 
tip. This set of curves represents the general trend 
obtained with each shape tip and shows that the tip 
pressure is a rather unimportant item between the 
limits of 40 and 90 psi. 

The composite curve of Fig. 4 is a representative 
curve showing the effect of tip pressure on indentation 
for various welding currents for all weld periods for the 
2-in. radius tips. It is noted that the values of inden- 
tation have minimum values at the mid range of tip 
pressures. 

The Effect of Welding Current on Weld Strength and 
Indentation. The composite curve of Fig. 5 shows the 
effect of welding current on weld strength at various 
weld periods for all tip pressures. Notice that the 
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Fig. 3 Composite curves of weld strength vs. tip pressure 
at various welding currents for all weld periods, 2 in. radius 


3-cycle curve has a more general parabolic form than 
the 7- and 11-cycle curves. 
The curves for each of the four shapes of tips had 
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Fig. 4 Composite curves of indentation vs. tip pressure 
at various welding currents for all weld periods, 2 in. radius 


rising characteristics, although it would not be possible 
to say that any of them show weld strength increasing 
linearly with weld current. The concentration of 
current for the pointed tips at 100°% heat and 11- 
cycle weld time was so great that the electrodes were 
forced completely through the specimen and the tips 
welded themselves together. Molten pieces of metal 
were thrown a distance of 50 ft. from the machine. 
This clearly showed the fact that excessive currents 
could not be used, even at low weld times with any type 
of electrode tip, such as the pointed or dome tip which 
choked the current down to a very small area. Flash- 
ing and expulsion of the zinc coating were noted for 
high values of welding current with each value of weld 
time for the pointed and dome tips. This makes it 
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Fig. 5 Composite curves of weld strength vs. welding cur- 
rent at various weld periods for all tip pressures, 2 in. radius 


mandatory to use only up to moderate welding currents 
when welding 22-gage galvanized steel with these tips. 
A value of 70% heat vielded an acceptable weld for 
both the 1.0- and 1.7-0z. coatings and an 85°% heat re- 
sulted in an undesirable weld with zinc expulsion, flash- 
ing and exposing of the base metal. Thus the optimum 
percent heat for the pointed and dome tips lies bet ween 
70 and 85%. 

Higher weld currents are possible when using the 
2- and 10-in. radius electrode tips because the concen- 
tration of current is not so great and the boiling of zinc 
from under the tips will be less. Flashing was noted 
when using maximum welding current and 7 or 11 
cycles well time with the 2-in. radius tips. However 
these deterimental effects were not noticeable with the 
3-cycle weld period. It is then known that the opti- 
mum percent heat must be between the limits of 85 
and 100%. The 10-in. radius tips yielded no observed 
flashing or expulsion of zine for any condition, leading 
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Fig. 6 Composite curves of weld strength vs. weld period 
at various welding currents for all tip pressures, 2 in. radius 
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to the belief that the capacity of this welder was insuf- 
ficient to exceed the permissible welding current for 
these tips at an Ll-cycle weld period. 

The data obtained showed that excessive indentation 
values were obtained at high welding currents for the 
pointed and dome-shaped tips, further eliminating the 
possibility of using these tips at 85 and 100°) heats. 
Excessive indentation was not obtained with the 2- and 
i0-in. radius tips in any case 

The Effect of Weld Time on Weld Strength 
cal composite curve of Fig. 6 shows the effect of weld 


The typi 


time upon weld strength at various welding currents 


for all tip pressures for the 2-in. radius tips 


The curves 
show a general increasing trend as weld times advanced 
from 3 to IL cyeles. 

As far as weld strength alone is concerned, it appears 
that a weld period of 11 cycles would be optimum for 
each shape of tip. Reference though to the welding 
data shows that excessive flashing, sticking and zine 
expulsion, results when using the pointed, dome and 
2-in. radius tips, with a 7 or 11 cycles weld time, and 
enough current to secure a weld of acceptable strength, 
The optimum weld times for these three tips have values 
between 3 and 7 cycles. 

An 1l-cyele weld time with the 10-in. radius tips 
vielded welds of acceptable quality at 100% heat, with 
no flashing. This is believed to be very nearly the 
optimum condition for this tip with the capacity spot 
welder used. With larger capacity spot welders, if 
might prove more beneficial to use higher currents and @ 
7-cycle weld time. 

The 6-in. radius tips yielded undesirable welds at 
7 cycles weld time, but were satisfactory at 3 cycles 
and 100% heat, giving an optimum weld time between 
3 and 7 cycles. 


Study of Electrode Tip Material 


The Effect of Tip Material on Weld Strength. igure 
7 shows curves indicating the variation of weld strength 
with percent heat for the four electrode tip materials 
with the pointed electrode tips. Ampcoloy 99 and 
Elkaloy A electrode tips, represent R.W.M.A. Class I 
identical physical, 
chemical and mechanical properties; Ampcoloy 97 
and Mallory 3 represent R.W.M.A. Class I materials. 


This fact yields a basis for a discussion of the accuracy 


materials and have practically 


of the results obtained in this phase of the investiga- 
tion, because theoretically the curves for the same R.W.- 
M.A. class material should almost coincide. Reference 
to the curves shows that in most cases the values of 
results obtained, using materials of one class, vary as 
much as results of different materials. Extreme care 
was taken in preparing, welding and testing the speci- 
mens although some small error inevitably would be 
It is believed that the variation in thickness 
It is not 


incurred, 
of the zine coating caused the greatest error 
possible to indicate from these curves just which of the 
two materials would be best suited for use with a definite 


shaped electrode tip in spot welding galvanized steel 
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Fig. 7 Curves of weld strength vs. welding current for 
various tip materials, pointed tip 


CONCLUSIONS 
General 


From the composite curves previously discussed, cer- 
tain conclusions as to the influence of electrode tip 
shape in spot welding of 22-gage galvanized steel were 
obtained. Any comparison of the various shaped tips 
must be made under the assumption that excessive dis- 
turbance of the zine coating would be objectionable. 
°lt must also be realized that all results presented here 
represent only data obtainable within the capacity 
of one particular spot welder. The 6-in., 10-in. and 
flat tips might possibly vield better results when used 


with larger machines. 


Suggested Optimum Machine Settings 


+ The exact settings of weld time and welding current 
needed will vary with the material thickness, coating 
thickness and method of applying the coating: so the 
following tabulation is included to show the range of 
variables considered optimum for materials spot welded 
during this study. 


Tip 
Weld time pressure 

Tip shape cycles Heat, % psi. 

Pointed 3-7 70-85 65 
Dome 37 70-85 65 
2-in. radius 3-7 85-100 65 
6-in. radius 37 100 65 
10-in, radius 11 100 65 
Flat ll 100 65 
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Relative Merits of the Tip Shapes Studied. The 2-in. 
radius tips yielded the most satisfactory results followed 
closely by the 6- and 10-in. radius tips in that order. 
The 10-in. radius tips vielded best results at 11 cycles 
weld time, whereas, the 2- and 6-in. tips had only a 
3-7 cycle weld time for optimum conditions. 

The author agrees, with most authorities on the 
subject, that a low weld time is most desirable in spot 
welding galvanized steel to minimize zinc expulsion. 
It is then concluded that the 2-in. radius tips represent 
the optimum tip shape. 

The pointed and dome tips were found to be unsatis- 
factory in this investigation. This was chiefly due to 
the small contact area at the tip faces which choked 
down the current and resulted in flashing and excessive 
indentation. As a further disadvantage, these two 
tips are difficult to reface accurately and require con- 
siderable time for accurate alignment. The radius 
faced tips are essentially self-aligning and are easily 
machined and refaced. 

The flat tips are undesirable with machines of the 
capacity used in this study, and it is questionable as to 
their desirability in spot welding galvanized steel. 
Actually, they may be considered as a variation of the 
pointed or dome tips, only with more contact surface 
Accurate alignment is necessary and no advantages 
are apparent. 


Effect of Material Coating Thickness 


Results indicate that a slightly larger welding cur- 
rent or weld time is necessary with the 1.7-0z. coated 
material than with the 1.0-0z. coating, to secure welds 
of approximately the same strength. In welding ma- 
terials of the two coatings, with the same machine 
settings, the tendency for flashing is less with the heav- 
ier zine coating, but the strength is less also. However 
indentation will be greater with the heavier coating for 
welds of comparable strength. The general range of 
conditions suggested as optimum in this study includes 
the two coatings of material. 
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Evaluating \otch Toughness 


® Meaning of the transitional behavior for the various types of 
fetual ship behavior is best evaluated by consider- 


ation of low levels of energy absorption, and an evaluation can be 


by R. W. Vanderbeck and M. Gensamer 


INTRODUCTION 
N THE effort to understand the brittle behavior 


in structures of apparently ductile steel, many tests 

have been performed over a range of temperatures 

with various types of notched specimens. The 
purpose of these tests has been to obtain an indication 
of how the steels will perform at various temperatures 
in service, i.e., whether they will tend to resist cracking 
or will fail with the characteristic cleavage type frac- 
ture. Because of a justifiable reluctance to depend 
upon small specimens when large structures are involved 
some very large specimens have been tested, such as 
centrally notched wide plates a number of which 
were as wide as 72 in. Because of their size and the 
severity of their notch, it has generally been the belief 
that tests of such specimens were indicative of the 
behavior of the steels in service, particularly ship 
service. But there is reason to believe that this 
confidence is not wholly justified 

In all of these tests the change in some characteristic 
such as energy absorption or fracture appearance has 
been measured at various temperatures. When the 
temperature range over which this change occurs is 
relatively narrow it has been called the transition 
temperature range Some temperature within this 
range, usually at its middle, has been called the-transi- 
tion temperature. In comparing the results obtained 
with various notched specimens, considerable con 
fusion still exists because of the use of different criteria 
for the selection of transition temperatures. It has 
recently been shown that a number of the notched 
test specimens exhibit two transition temperatures 
called the ductility transition and the fracture transi 
tion.? The criterion which is used to evaluate the test 
results will determine which of these transitions is 


measured. Therefore, if different criteria are used to 
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readily obtained from the keyhole or V-notch charpy impact values 


and rhe ch Gren samner— N atch Tou hne 


select the transition temperatures for different speci- 
When the 
same or related criteria are used, some of the dis 
However 
certain anomalies still exist which have not vet been 


mens, the results may not be comparable 
crepancies disappear, as will be shown 


satisfactorily explained For example, the Charpy 
impact transition temperatures of the so-called Navy 
project steels correlate Poorly with the transition 
temperatures obtained from the 72- and 12-in. wide 
plate tests 

Of more concern is the fact that the observed transi¢ 
tion temperatures of the 72- and 12-in. plate specimens 
for the types of steel commonly used for ship plate 
during the war are obviously too high to correlate with 
experience 

The purposes of this paper are to explain the meaning 
of the transitional behavior for the various types of 


specimens, and, with this as a background, to explain 


the reason for the anomalies in behavior mentioned 
above It is also the purpose to state the reasons for 
believing that actual ship behavior is best evaluated 
by consideration of low levels of energy absorption 
rather than by any particular transition temperature 
that the fracture transition is not a deciding factor in 
ship behavior, that the ductility transition temperature 
does show promise of correlating vith service per- 
formance, that the results of the large centrally notched 
plate test, as usually interpreted, do not evaluate 
satisfactorily the behavior of steel in structures like 
ships, and that either the keyhole or V-notch Charpy 
Impact specimen is satisfactory flor evaluating pet 


formance 


FRACTURE AND DUCTILITY TRANSITIONS 


Although it is generally appreciated that the transi- 
tion temperature range of a steel depends upon the test 


and the criterion, the existence of two kinds of transi 


tions is not widely realized even no is is evidenced 
by the interpretations of certain test result ‘Trans 
temperatures based upon energy ibsorptlion 


one type of specimen have been compared with those 
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based upon fracture appearance in another, and fail- 
ure to obtain correlation has been considered sufficient 
evidence to diseredit one or the other test specimen 
as a suitable means of evaluating notch toughness. 

In notched test specimens a change in fracture 
appearance from a fibrous (shear mode) to a granular 
(cleavage mode) fracture occurs over a certain tem- 
perature range as the testing temperature is lowered. 
The temperature at some arbitrary point within this 
temperature range has been called the fracture transi- 
tion temperature. A drop in total energy absorption 
also occurs over the fracture transition range, but in 
many types of test specimens the energy absorbed at 
the temperature at which predominantly granular 
fracture is obtained is still appreciable. In this event, 
as the temperature is lowered still further, the energy 
absorbed continues to decrease. For some specimens 
and for some steels, a point is reached at which the 
energy absorbed drops suddenly to an extremely low 
value. This latter drop in energy, when it occurs, 
may be called the transition to brittle behavior, or, for 
simplicity, the ductility transition. Stout and Me- 
Geady* * have applied this term to the transition 
temperature based upon contraction at the base of the 
notch, which occurs simultaneously with the transition 
to brittle behavior. 

A performance curve showing both a fracture transi- 
tion and a ductility transition might look like the solid 
curve sketched in Fig. 1. The drop in energy at 7, 
is associated with the change in fracture appearance 
which occurs at this temperature. The drop at 7: 
represents the transition to brittle behavior. The 
dotted curve of Fig. 1 represents an instance in which 
no sharp ductility transition is obtained as for V- 
notched Charpy specimens. In this case, the evalua- 
tion of performance would have to be based upon some 
arbitrary low level of energy. 

In experiments conducted by Osborn and associates® 
on Penn State and Lehigh notched bend tests and on 
Navy tear tests, it was observed that the ductility 
transition corresponded with a change in fracture 


‘appearance of a small zone at the base of the notch. 


The ductility transition is thus actually a fracture 
transition of the material directly beneath the notch. 
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Because of this observation, the fracture transition 
should not be defined in these tests as the temperature 
at which the fracture appearance changes from totally 
fibrous to totally granular. Instead, it is the tempera- 
ture (or temperature range) at which the fracture ap- 
pearance changes rather abruptly from totally fibrous 
to predominantly granular, with only a small area 
below the notch failing by shear. 

The temperature at which the ductility transition 
occurs is very much dependent upon notch geometry, 
as might be expected. As the notch is made sharper 
and deeper, the strains are more localized and the 
degree of triaxiality of the state of stress is greater, 
both leading to higher ductility transition tempera- 
tures. On the other hand, the fracture transition 
temperature is dependent upon the conditions existing 
at the base of a crack which forms during the initial 
stages of testing. A crack of sufficient depth has 
effectively the same sharpness regardless of the original 
notch dimensions, and one would therefore expect the 
fracture transition temperature to be relatively in- 
sensitive to notch geometry, which is indeed the case. 
In other words, specimens with different size notches 
may show widely different ductility transitions, and 
yet show about the same fracture transition tempera- 
ture. The best proof of this behavior may be found in 
the experiments of Stout and McGeady.* 

It not only is important which criterion is used to 
determine the transition temperature, but also, if 
strain is used as the criterion, where that strain is 
measured. For example, suppose that contraction of 
width of the specimen were selected as the criterion of 
notch toughness, as has often been done. Osborn, 
et al.,° show that, if contraction is measured on the 
Penn “State Schnadt-type notched slow-bend test 
specimen at the base of the notch, a different curve is 
obtained than if the contraction is measured at the drill 
hole at the back of the specimen. This is illustrated 
in Fig. 2 for rimmed steel made to A.S.T.M. Speci- 
fication A-70. Measurements at the notch show the 
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ductility transition occurring at about —75° F. At 
this temperature, however, the back of the specimen 
has contracted very little. Only as the crack which 
forms during testing extends does appreciable de- 
formation take place at the drill hole. Contraction at 
the drill hole, therefore, is associated with extension 
of the crack and is a measure of the fracture transition 
temperature as Osborn, el al., have shown. The same 
considerations apply to the Navy tear test and other 
types of specimens. 

In the appendix t» this paper transitional behavior 
has been discussed in terms of flow and fracture curves 
The analysis may be helpful in explaining why the 
abrupt transition in behavior takes place and why two 
such transitions are present 


EFFECT OF STRAIN ON BOTH TRANSITIONS 

Numerous Charpy keyhole-notched impact tests 
on strained and unstrained specimens of various steels 
performed by the Carnegie-Illinois Steel Corp., have 
all shown that straining raises the temperature of the 
ductility transition. Moreover, the transition is raised 
more for some steels than for others. Such steels are 
considered to be more strain sensitive. The fracture 
appearance has also been observed in all cases, and frac- 
ture transitions for this type of test have been selected 
at 50°), fibrous fracture. Whereas the fracture transi- 
tion on as-rolled material may occur as much as 100° F 
above the ductility transition, the fracture transition on 
material strained 10°% by cold rolling is often the same 
as or only slightly above the ductility transition 
Stated somewhat differently, straining raises the duc- 
tility transition considerably and the fracture transi- 
tion very little or not at all. 

The same conclusions may be drawn from results 
published by Osborn, et al.,° on Navy tear, Penn State 
Schnadt-type notch bend and Lehigh bend tests on 
both unstrained and strained materials. Transition 
curves based upon some of their results have been drawn 
in Fig. 3. For both types of bend test (just the Penn 
State bend is shown), the fracture transition increases 
little or not at all with 10°), strain In these cases 
the ductility transition (based upon about 1°, contrae- 
tion at the base of the notch) of the strained material 
is below the fracture transition of the as-rolled plate. 
In the Navy tear test, however, straining has raised the 
fracture transition considerably. The circumstance 
that in the tear test the fracture transition is raised 
by straining is associated with the movement of the 
ductility transition, as measured by contraction, to 
temperatures above the fracture transition tempera- 
ture of the unstrained material. It is obviously im- 
possible to have the fracture transition temperature 
below the ductility transition temperature for this 
would involve the association of shear-type (high 
energy) fractures with low energy absorption. The 
only alternative is for the fracture transition of the 
strained material to take place over a temperature range 
at least as high as that of the ductility transition range 
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hig. 3 Effect of strain on Navy tear test and Schnadt-type 
bend-test transition curves (after Osborn, et al.) 


Therefore, straining will raise the fracture transition 
significantly only if the straining serves to raise thé 
ductility transition temperature above the fracture 
transition temperature of the unstrained material. In 
material which has been strained sufficiently, the 
ductility and fracture transitions occur at very nearly 
the same temperatures 


THE MASKING OF THE DUCTILITY 
TRANSITION IN WIDE PLATE TESTS 


In studying the brittle behavior of steel in ships and 
similar structures, it has become the practice among 
certain investigators to judge the merits of each type of 
test specimen on the basis of whether or not transition 
temperatures obtained with it correlate with transition 
temperatures obtained with the centrally notched 
wide plate tensile specimens. The transition tem- 
peratures of these wide plate specimens, which were 
used in the program sponsored by the Ship Structure 
(‘ommittee, were based upon a drop in energy ab- 
sorption. The specimens ranged in size from 12 to 
108 in. wide, and, because of their size and notch se- 
verity, their behavior was thought to represent closely 
the behavior of a ship in actual service It is quite 
doubtful, however, that such is the case 

In the wide plate tests typical semikilled, open- 
hearth, ship-plate steels had transition temperatures 
of about 35° F., whereas there were some other steels 
which had transition temperatures as high as 100° F. 
Much steel of the types having the higher transition 
temperatures certainly went into ships, yet the Board 
of Inquiry’s investigation of merchant vessel failures’ 
has shown that only at temperatures below freezing 
did the fractures per ship month for vessels in port 
show a significant increase, and for service in heavy 
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seas only one serious failure (Class | casualty) occurred 
above 62° F. from November 1942 to March 1946. 
It certainly seems, therefore, that behavior in service 
is considerably more satisfactory than that indicated 
by the wide plate tests. 

With the 72-in. wide plate specimens, a large drop 
in energy absorption occurred at the same temperature 
as that of the fracture transition. In the following 
paragraphs an attempt will be made to show that the 
large drop in energy absorption was associated only 
with the fracture transition and that ductility transi- 
tions were not determined for the wide plate tests. 

In the wide plate tests, the contraction in thickness 
of the specimen may be considerable, even when the 
specimen breaks with a cleavage failure.’ Typical 
examples for 72-in. wide plates of the C steel (semi- 
killed, 0.24 ©, 0.48 Mn) are listed in Table 1. 


Table 1—Per Cent Thickness Reduction Along Fracture 
Lines of 72-In. Plates 


Test 
tem pera- 
ture, Distance from notch, in.* 
F. 0 1 2 8 16 26 
78 8.0 7.5 7.0 7.0 11.5 5.0 40 3.0 
31 4.5 3.5 20 1S 1.8 2.6 2.5 1.5 


* The length of the central notch was one-fourth the width of 
the plate. The ends of the notch terminated in jeweler’s saw 
cuts. The distance from one end of the notch to the edge of the 
plate was 27 in. 


\t both of the temperatures listed the specimens 
broke with cleavage failures, but at 78° F. the contrac- 
tion along the fracture line was considerable. Even 
at 31° F. appreciable contraction took place close to 
the notch. These data are typical for all the wide plate 
tests regardless of plate width or type of steel. 

Furthermore, strain measurements over short gage 
lengths of 1 in. and less reveal that just before failure 
the strain distribution across the width of the specimen 
is very nonuniform,’ with the section just below the 
notch elongating considerably, but with the remainder 
of the plate elongating very little. A typical strain 
distribution at a load close to the point of failure, for 
a specimen which broke with a cleavage fracture, is 
represented in Pig. 4. 

Thus, the material just below the notch can exhibit 
considerable duetility and yet the total energy ab- 
sorbed can be relatively small. The severely strained 
material just below the notch constitutes only a minor 
portion of the whole plate. Regardless of its high 
energy absorption, therefore, the remainder of the plate 
determines to a much greater extent the total energy 
which will be absorbed. With a shear failure, the 
elongation all along the fracture line is high and the 
energy absorbed is correspondingly high. It is for this 
reason that such a big drop in energy absorption occurs 
as the fracture changes from shear to cleavage, and 
vet, there is still considerable ductility at the notch. 

It would seem, therefore, that the ductility transition 
for most of the wide plate tests has not been determined 
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Fig. 4 Typical strain distribution across a wide centrally 
notched plate just before cleavage fracture 


since the material under the notch still shows con- 
siderable ductility. At still lower temperatures, how- 
ever, one would expect a ductility transition or at least 
a further drop in energy absorption, but this drop would 
be dwarfed by the large drop obtained in the tempera- 
ture range where the fracture appearance changed. 
The type of curve which has been hypothesized for the 
wide plates might look like Curve A in Fig. 5. The 
drop in energy at the ductility transition might even 
be less obvious than that pictured. A smaller specimen 
in which the material under the notch constituted a 
greater part of the breaking section might indicate a 
performance such as that of Curve B. 

In the smaller specimens, the behavior of the whole 
specimen is dependent to a much greater extent upon 
the behavior of material at the notch. In the bend 
tests, particularly, the material at the notch governs 
to a large extent the over-all behavior because of the 
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as pictured for large, centrally notched, wide plate speci- 
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stress distribution and the small size of the specimen 
With such specimens, energy absorption or angle of 
bend can be used readily as a criterion of the final 
transition to brittle behavior. In fact, a low per- 
centage of contraction (on the order of 1°7) at the base 
of the notch is often used as the criterion of the ductility 
transition.» 1 

In comparing test results for small specimens with 
those for the wide plates, the criterion of performance 
which was used for both keyhole and V-notched Charpy 
impact specimens was energy absorption. The 
Charpy test results for the various steels did not corre- 
late sufficiently well (especially for the A and C steels 
with the wide plate results, so Impact tests were dis- 
credited. When other types of specimens were 
employed, however, such as the Penn State notched 
bend test* and the Navy tear test,'® fracture ap- 
pearance and associated criteria were used to determine 
the transition te mperature. By such criteria, correla- 
tion with the wide plate results was much better because 
fracture transitions were being compared. It would be 
interesting to know if fracture transitions for the 
Impact specimens would have correlated with the wide 
plate fracture transitions, and if the measurement of 
the transitions to brittle behavior for the tear and bend 
tests would not have shown as poor correlation with 
the wide plate results as the impact tests. It would 
be still more interesting to know if the transitions to 
brittle behavior for the wide plate tests would correlate 
with the corresponding behavior in impact tests; a 
little information is available on this point and will be 
discussed later. 

To reiterate, the characteristics of the centrally 
notched wide plate tests have masked the ductility 
transition, if a sharp transition exists, or in any event, 
have masked the behavior at low energy levels. The 
balance of this paper will be devoted to developing the 
thesis that behavior at low energy levels is of major 


importance in determining performance in service 


DIFFERENCES IN BEHAVIOR BETWEEN 
WIDE PLATE SPECIMENS AND A SHIP 


There are important differences between the behavior 
of a wide plate specimen and that of a ship or similar 
structure. These differences are believed to be con- 
cerned mainly with the sharpness of the notch. On a 
ship the sharpness of many of the notches or stress- 
raisers is much greater than the sharpness of the notch 
initially present in the wide plate specimens. The 
notches in a ship are frequently sharp cracks, perhaps 
minute, resulting from or associated with such things 
as defective welds and edges flame. cut during fabrica- 
tion, and they may even be fatigue cracks 

Results obtained by Thomas and Windenburg 
on 12-in. wide centrally notched plate specimens clearly 
show that increasing the sharpness of the notch lowers 
the average stress at which fracture occurs some ol 
these results are shown in Table 2 for a central notch 
one-fourth the width of the plate 
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Table 2—Effect of Notch Diameter on Fracture Stress 


Votch frerage stress 
tiameter, Tempe ature it fracture, 
n } 
Isc* 37.800 
0 0S 3S 17.000 
0 25 0 SOO 
0 25 73 2. 100 
0 50 38 
0.75 38 58,000 
* Jeweler'’s saw cut The other notches terminated in holes 


of the indicated diameter 
Note All fractures were reported as cleavage 


These results indicate that the average fracture 
stress in a specimen with a very sharp notch would be 
considerably less than 37,000) psi The 72-in. wide 
plate tests with the jeweler s saw cuts as notches frac- 
tured at a nominal stress of about 30,000 psi., but on a 
ship the nominal stress to produce fracture is believed 
to be appreciably lower, on the order of 10,000 psi. 
The S.S. Schenectady failed at dock under known load- 
ing conditions at 9900 psi.’ Calculations place the 
maximum stress likely to be encountered at sea with 
severe “hogging” at 13,750 psi.’ That failures occur 
at these low stresses is clear evidence that the stress 
concentration aboard ship is more severe than in the 
wide plate tests. 

In the various notched test specimens including the 
wide plates, it was noticed that a’small zone of shear 
fracture directly beneath the notch usually persisted 
at temperatures considerably below the fracture transi- 
tion temperature. Only at much lower temperatures 
did this small zone change from shear to cleavage failure 
the ductility transition Obviously, this small zone 
of shear failure appeared because the initial notch 
sharpness differed from the sharpness of the crack which 
was formed. The initial milder notch geometry favored 
a shear failure Once the shear crack formed, the more 
severe notch geometry favored cleavage failure. With 
a sufficiently sharp notch shear failure directly under the 
notch would not be expected to occur much below the 
fracture transition temperature 

That this behavior actually takes place when a 
sharp crack is present was substantiated by the follow 
ing experiment which was performed lor (Carnegie- 
Illinois Steel Corp at Pennsvivania State College 
V-notch Charpy impact specimens with the notches 
normal to the original plate surface were flexed so as 
to form a small fatigue crack at the base of the notch 
after the manner of Zeno and Low rhe material 
was a low-carbon, low-alloy, hot-rolled steel. Speci- 
mens without the fatigue crack were also prepared 
The impact results at various temperatures for both 
tvpes of specimens are presented in Fig. 6 

\s the temperature was raised from —20 to 120° 1 
in the fatigue-notched specimen the deformation at the 
side and back of the specimen increased, and such shear 
failure as was present took place along these edges 
rather than under the notch, as is seen in the specimen 


tested at 68° F. in Fig. 7. Shear failure did not appear 
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at the notch until a temperature of 120° PF. was reached. 
Above 120° F. the amount of shear fracture under the 
notch and in the remainder of the specimen increased 
rapidly. 
arbitrarily based upon 50°) shear fracture, it would 


If the fracture transition temperature were 


STANDARD vV-NOTCH 
V-NOTCH WITH FATIGUE CRACK 
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Fig. 6 Effect of notch severity on Charpy impact per- 
formance 


occur at 120° F.° In this instance, therefore, shear 
fracture at the notch made its appearance at the same 
In the 


standard V-notched impact specimens, a small amount 


temperature as that of the fracture transition. 


of shear failure appeared at the sides and back of the 
specimen as the temperature was raised to about 40° F., 
at which temperature shear failure at the notch became 
perceptible. The fracture transition (at 50°, shear) 
oceurred at 100° F. 
at the notch occurred well below the fracture transition 


In this instance, shear fracture 
temperature. It will be seen, therefore, that a sharp 
crack favors the formation of a cleavage fracture rather 
than a small amount of shear followed by cleavage. 
Karlier in this paper, the ductility transition was 
associated with the transition tobrittle behavior and also 
with the change in fracture appearance of a small area 
at the base of the notch. This latter change, however, 
oceurred at the 50 ft.-lb. level at 120° F. in the fatigue- 
notched specimens, and the transition to brittle be- 
havior occurred gradually from 120 to —20° F. It is 
surprising to note that even the standard V-notched 
Charpy specimens were characterized by similar be- 
havior. The fracture at the base of the noteh changed 
in appearance at the 40 ft.-lb. level at 40° F 
transition to brittle behavior took place gradually from 
10 to —40° FP. A duetility transition as it has been 
described earlier for the slow bend and tear tests did 


.. and the 


not occur with these two types of impact specimens 
since conditions of both brittle behavior and change 
in fracture appearance at the notch were not simul- 
taneously fulfilled. In other tests the ductility transi- 
tion has been associated with an abrupt change in 
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Fig. 7 Fracture appearance of broken V-notch impact 

specimens with fatigue crack. Testing temperature and 

energy absorbed are, left to right: 68° F., 24 ft.-lb.; 122 
F., 51 ft.-lb.: 133° F., 82 ft.-tb. 


energy absorption; but in these tests, the change from 
tough to brittle behavior took place gradually over a 
wide temperature range. This behavior as exhibited 
by specimens with sharp cracks is believed to describe 
the behavior exhibited by a ship better than the wide 
plate tests. 

Unfortunately, Zeno and Low,'* while working on 
ship plate, did not report the details of changes in 
fracture appearance. Moreover, their specimens were 
notched parallel to the plate surface which alters the 
type of curve obtained. 


IMPORTANCE OF LOW ENERGY LEVELS 
RATHER THAN TRANSITIONS 


In the Liberty ships that failed, the calculated 
nominal stress in the crown of the deck at time of frac- 
ture varied from 3315 to 12,200 psi.? This may be 
compared with the 30,000 psi. required to fracture the 
72-in. wide plate specimens. The available stored 
elastic energy in a specimen of sufficient length is pro 
portional to the square of the stress, which means that 
the elastic energy available in the wide plate specimen 
is from 6 to 80 times as great as that available in a ship. 
Since this relatively small amount of available energy 
in a ship has in some instances been enough to bring 
about failure, it is necessary to consider low energy 
levels in any evaluation. 

Fractured plates from ships which have failed in 
service usually exhibit small reductions in thickness, 
on the order of 1 to 3°), and it would be logical to 
associate the behavior of these fractured plates with 
low energy absorption and thus to look for similar 
performance at low energy levels in the impact or any 
other test. 

Moreover, sharp cracks, such as are associated with 
defective welds, are said to be present in a ship, and 
consideration of specimens with sharp cracks has indi- 
cated that no sharp ductility transition to brittle be- 
havior occurs; instead, a gradual transition to brittle 
behavior takes place. 

Taking all three of these factors into consideration, it 
would seem that it would be better to judge the per- 
formance of a ship by considering the temperature at 
some arbitrary low energy level for a sharply notched 
specimen, rather than considering some particular 
transition temperature for any one of the various tests. 
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The fracture characteristics and behavior at low 
energy levels of the Charpy specimens with a fatigue 
crack are believed, for the reasons previously given, to 
portray the manner in which failure takes place on a 
ship. It will be remembered, however, that the stand- 
ard V-notched Charpy specimens exhibited somewhat 
similar behavior in that the same gradual transition to 
brittle behavior took place. It would be hoped, there- 
fore, that an evaluation of the results of such specimens 
at low energy levels would correlate with behavior in 
service. 

Williams and Ellinger’ have presented data showing 
correlation among the results of standard V-notched 
Charpy impact specimens from plates which had fra 
tured in ship service. These plates were divided into 
three groups: those containing the source of fracture, 
those through which the fracture passed and those con 
taining the end of the fracture. V-notched Charpy 
impact specimens were taken from areas at least 1 in 
from the fractured edges, and transition temperature 
curves were determined. At the temperature of ship 
failure, plates in which the fracture originated absorbed 
an average of about 6 ft.-lb. of energy (range 3.2 to 
11.4), those through which the fracture passed absorbed 
about 8.5 ft.-lb. (range 3.8 to 14.7), and those in which 
the fracture ended absorbed about 12 ft.-lb. (range 6.0 
to 214 Although the differences in these average 
energy absorption values are relatively small, it should 
be kept in mind that they represent appreciable dif- 
ferences in temperature because of the gradual slope of 
the V-notched Charpy transition curve, particularly at 
low energy levels. For example, a difference of 5 ft.-lb 
at low energy levels is associated with a difference of 20 
to 30° I. in temperature 

These results indicate that cleavage fracture started 
because of Insufficient notch toughness. They might 
also be taken to indicate that the fracture stopped bx 
cause it encountered plates of higher notch toughness 
which would absorb a greater amount of energy \l 
th nigh it is certainly possible to obtain clea, age failures 
in these plates at higher temperatures than those at 
which the fractures stopped, it may be that insufficient 
energy Was available in the ships to propagate the frac- 
ture further. It would seem, however, that other fac 
tors enter into the arresting of the cracks, such as the 
greater notch toughness of certain areas of the weld 
ment and changes in stress as the crack advances. 

The V-notched ¢ ‘harpy test seems parti ularly suited 
to evaluating susceptibility to failure because the 
energy values obtained in this test at the temperature of 
ship failure are relatively low, signifying nearly com 
pletely brittle behavior, and this same kind of behavior 
is encountered in actual ship failures 

The V-notch Charpy test has not been applied ex- 
tensively to plate products. The keyhole-notch impact 
test is considered the industry's standard and, therefore, 
has been used much more frequently Fortunately 
there is quite a good correlation between the ductility 
transition temperature for the keyhole test and the 


temperature at which an arbitrary low energy absorp 
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tion Is exhibited in the V-notch test so that keyhole- 
notch ¢ ‘harpy tests may be used as well as the \ -notch 
test. But before presenting the data and describing 
this correlation, it seems advisable to discuss briefly the 


role of welding 


EFFECT OF WELDING ON SHIP 
PERFORMANCE 


It has been demonstrated in the literature that cer- 
tain parts of the heat-affected zone adjacent to a weld 
are poorer in notch toughness than the parent metal." 
Tests have also been performed on steel which was 
heated to different temperatures in order to determine 
roughly the effect of the heat of welding on the notch 
toughness of material adjacent to the weld These 
tests indicated that heating to certain temperatures 
impaired the noteh toughness of the steel 

The results obtained by Williams and Ellinger, how- 
ever, indicate that the propagation and stopping of 
cTacks 18 mainly dependent upon the properties of the 
parent plate, regardless of the presence of welds, for 
their correlations were obtained without any considera- 
tion of welding effects \ weld with its possible at- 
tendant eracks and porosity must certainly influence the 
Initiation of cracking More over, it might influence the 
propagation of cracking as long as the crack follows the 
weld or travels through the heat-affected zone. But, 
once the crack enters the unaffected base metal, that 
metal alone would determine subseque nt behavior If 
the base metal were sufficiently notch-tough, the crack 
vould propagate no further. If the weld provided a 
path for the erack to follow directly across the strue- 
ture, then the notch toughness of the weld and heat- 
iffected zone would undoubtedly determine service pet 
formance, provided that the crack followed this p ith 

In the regular hatch corner'® and modified hatech- 
corner tests performed at the University of California 
it would seem that fracture occurred essentially adjacent 
to the weld and that, therefore, the heat-affected metal 
rather than the unaffected parent plate, was « ontrolling 
the behavior Thus, in the trious tests on high vield 
strength steel described by Boodberg and Parker,'® the 
modified we lded hatch corner tests showed fracture 
transition temperatures some 50° F. higher than those 
of the unwelded 3- and 12-in. wide notched plate tests 
for all of the steels investigated This was probably 
caused by the fracture occurring adjacent to the weld in 


the hatch corner test 


CORRELATION BETWEEN LOW ENERGY 
LEVELS AND DUCTILITY TRANSITIONS 


The ductility transition has been described as the 
transition to brittle behavior and has been associated 
vith the change In fracture appearance of a small zone 
directly below the notch Some specimens do not ex- 
hibit a transition that meets these conditions, but 
instead exhibit a gradual drop in energ) 


ibsorptlion 


below the temperature at which the zone at the base of 


15-8 


Votch Toughne 


| 
{ 
4 
f H 
: 

f 

ade 
é 
ah 

| 

te 

= 


the notch becomes entirely cleavage. Transition tem- 
peratures, however defined, are not necessarily of any 
particular significance in predicting behavior in ship 
service. The energy level at which a crack progresses 
at the service temperature is believed to be of greater 
significance. The evidence seems to indicate that the 
significant energy level is quite low. Although the 
standard V-notched Charpy specimen does not contain 
a very sharp crack, results obtained by Williams and 
Kllinger with this specimen have been found to correlate 
quite well with the tendency of a crack to propagate 
rapidly in ship failures. The Charpy V-notched speci- 
men does not exhibit a ductility transition, and correla- 
tion with service behavior was simply based upon low 
energy levels of performance. 

Nevertheless, there is no apparent reason why tem- 
peratures associated with low energy levels should not 
correlate with ductility transition temperatures as 
determined by certain types of test specimens. Low 
performance levels would be involved in both instances. 
An example showing such correlation between tests of 
V-notched and keyhole-notched Charpy specimens 
For the V-notched specimens, temperatures 
were selected which are associated with low energy levels 
and, for the keyhole-notched specimens, ductility 
First, the be- 


follows. 


transition temperatures were selected. 
havior of keyhole-notched specimens must be briefly 
described. 

A typical set of impact data using the Charpy key 
hole-notched specimen is shown in Fig. 8 for a steel of 
the ship plate type. An envelope has been drawn 
around the data to portray more clearly the behavior. 
Between — 15 and +25° F., a zone is obtained in which 
Usually either high 
values (20 ft.-lb.) or low values (5 ft.-lb.) are obtained 


there is considerable scatter. 


in this zone, with very few intermediate values. At 
temperatures above this zone the energy values are uni- 
formly high (the specimens behave in a tough manner), 
while below the zone the values are uniformly low (the 
specimens behave ina brittle manner). The specimens 
that exhibit brittle behavior exhibit 100°; cleavage 
fractures with no shear directly below the notch. ‘The 
tough specimens all show definite amounts of shear frac- 
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Fig.8 Typical Charpy impact data using keyhole-notched 
specimens 
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ture below the notch. This scatter zone then truly 
represents the ductility transition as it has been de- 
scribed. The transition occurs over a temperature range 
and the more tests that are performed the wider the 
range will be. Numerous examples of this same type of 
behavior have been given by Kahn and Imbembo.'* 

To return to the discussion of the correlation between 
the ductility transition temperature in a test which 
exhibits one and the temperature at low energy levels in a 
test which does not exhibit a ductility transition, Fig. 9 
shows the correlation between temperatures selected at 
the 10 ft.-lb. level for the V-notched Charpy specimen 
and ductility transition temperatures selected at the mid- 
dle of the seatter zone for keyhole-notched specimens. 
A number of steels are represented® *! including the 
various Navy project steels used in the ship plate 
investigations. Some of these latter steels have be- 
haved in an anomalous manner, showing quite different 
transition temperatures when tested at different times 
or when different plates were tested using the same type 
of test specimen.’ '! Moreover, the testing was not 
always sufficiently extensive to determine the transition 
temperature with the accuracy desired. Despite the 
sampling difficulties and testing deficiencies, the correla- 
tion in Fig. 9 for the two types of Charpy specimens is 
quite good. 
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Fig. 9 Relationship between temperature at low energy 

level for V-notch Charpy specimens and ductility transi- 
tion temperature for keyhole Charpy specimens 


Thus, if the temperatures at low energy levels in the 
Charpy V-notched specimen should prove adequate for 
predicting certain types of failure, then ductility transi- 
tions in other types of specimens, such as the keyhole- 
notched Charpy bar, should also prove satisfactory. It 
is encouraging to observe the correlation between key- 
hole-notched and V-notched Charpy tests, and between 
the V-notched tests and plates in service. Keyhole- 
notched “Charpy specimens are used extensively for 
testing plate products, and the relationships which have 
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been found for the steels investigated would tend to 
support the continued usage of the keyhole-notched 


specimen for evaluating behavior in service 


LOW ENERGY LEVELS IN WIDE PLATE TESTS 


Setter correlation between Charpy results and cen 
trally notched wide plate results might be obtained if 
the wide plate performance were based upon the low 
energy portions of the transition curves rather than upon 
those portions which are associated with fracture transi 
tions. This would be consistent with the notion that 
low energy levels in the various tests are of major 
importance in determining ship behavior because low 
unit energies are believed to be adequate to prevent 


the ship failures themselves. 
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Fig. 10 Low energy portions of energy-temperature 

curves for centrally notched, 1l2-in. wide, -in. thick 
plates 


The available data for the 12-in. wide centrally 
notched plate tests’ * on the Navy project steels are 


plotted in Fig. 10. Energy to maximum lond has been 
plotted Vs. testing temperature, and only the low 
energy portions of the curves are shown I] bo 
observed that the data are in omple te at the low ene rey 
For steels F and 1D), it 


energy values 


portions of most of the curves. 
Was necessary to extrapolate to low 
following in general the slopes of the other curves 
Temperatures were the n selected lor en h > i at the 
20,000 in.-Ib. energy level, which represents a relatively 
low energy level for the test specimen used Phese 
temperatures were then compared with the temperatures 
obtained from V-notched ¢ harps tran 

the 10 ft.-lb. level 


from both Penn State‘ 


Che Charpy results 
ind Unin 

The resulting correlation, show 
the temperatures corresponding to low energy ley 
these widely different tests uite good Moreo. 
approximately the same « i temperatures 


obtained for each specific ste Iw i both types of 


mens 
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Fie. 11) Correlation between V-notch Charpy and 12-in. 
wide centrally notched plate tests at low energy levels 


Steel C does not seem to fit this correlation, but it ts 
believed that this can be explained In Fig. 10it can be 
seen that steel C is different from all the other steels in 
that it shows some shear fracture (3°, ita very low 
energy level Despite this appreciable shear fracture 
the energy absorbed to maximum load is only some 
20.0000 in Ib It is believed that the total energy to 
fracture in this instance must be appreciably greater 
because of the shear Iracture It would seem then that 
measurement of just energy to maximum load lias 
made Steel C seem poorer in th vice pl sts than 

lurthermore ibsequent ts of 12-in 
vide plates at Swarthmore College** indicate that even 


the energy absorbed to maximum load is higher than 


that indicated in Fig. 12 for Steel ‘ 
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Fig. 12 Hypothetical flow and fracture curves depix fing 
conditions leading to ductility and fracture transitions 
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SUMMARY AND CONCLUSIONS 


The test results of various types of notched specimens 
have been reviewed in an attempt to clarify the meaning 
of these results and to establish some relationship be- 
tween the test results and behavior in service. It is 
realized that more data would be needed to test ade- 
quately these conclusions. The aim has been to ob- 
tain the maximum information from the available data 
and to determine whether or not the results are con- 
sistent with the beliefs which have been expressed. 

In many of the tests performed on notched specimens 
to evaluate notch toughness, the results have exhibited 
two different transition temperatures. One of these 
occurs at relatively high energy levels and is associated 
with the change from a fibrous to a predominantly 
granular-appearing fracture. This is called the frac- 
ture transition. The other occurs at low energy levels 
and at a lower temperature than the fracture transition 
and is associated with the change in fracture appearance 
of a small zone directly under the notch, and with the 
transition from tough to brittle behavior. This has 
been called the ductility transition. 

Several criteria may be used to determine each 
transition temperature. In order to determine the 
transition which is desired, whether fracture or duc- 
tility, care should be excercised in the selection of such 
criteria and in the evaluation of test results. Failure to 
do so may result in apparent anomalies when the results 
of different types of specimens are compared. 

Small amounts of plastic straining raise the ductility 
transition temperature considerably but have little 
effect on the fracture transition temperature. The 
fracture transition is raised if the straining is sufficient 
to raise the ductility transition above the fracture 
transition of the unstrained material. With sufficient 
straining, the ductility and fracture transitions occur at 
very nearly the same temperatures. 

The centrally notched wide plate tests exhibit as 
much as 10°) or more reduction in thickness near the 
notch at temperatures below the fracture transition. 
It seems, therefore, that the transition to brittle be- 
havior was not determined for these specimens. Hence, 
it is not believed proper to compare the fracture transi- 
tions obtained from the wide plate tests with ductility 
transitions obtained from other specimens. 

The fracture transitions obtained with the wide plate 
specimens occur at such high temperatures for the 
types of steel commonly used in ships that they do not 
seem to correlate with service experience. There are 
believed to be major differences in behavior between the 
wide plates and an actual structure like a ship due to 
differences in nominal stress and notch severity. The 
wide plate test characteristics are such as to emphasize 
the large change in energy absorption at the fracture 
transition temperature and to minimize the differences 
in behavior below this temperature. 

Consideration of the behavior in a ship has led to the 
belief that quite low energy absorption levels are of 
greatest importance and that a sharp transition in be- 
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havior does not take place at these levels. Whether a 
plate in a ship will stop or support propagation of a 
sharp crack is believed to depend upon the ability of the 
plate to absorb at least a certain small critical amount of 
energy at operating temperatures. If the plate can 
absorb this energy, the crack will be arrested. The 
critical temperature, therefore, would be associated 
with a certain critical energy level and not necessarily 
with any sharp transition temperature. Indeed, tests 
on standard V-notched Charpy specimens and on simi- 
lar specimens with a small fatigue crack at the bottom 
of the notch show that the absorbed energy increases 
gradually from low to relatively high values. No sharp 
transition to brittle behavior takes place with these 
specimens. 

Williams and Ellinger have shown good correlation 
between the performance of V-notched impact specimens 
at low energy levels (about 10 ft.-lb.) and the actual 
behavior of ships in service. Such results support the 
selection of low performance levels for evaluating ship 
behavior. 

If a low performance level is selected for evaluating 
the 12-in. wide plate results on the Navy project steels, a 
fairly good correlation is obtained between these re- 
sults and Charpy V-notch results at the 10 ft.-lb. energy 
level. 

A number of specimens, among them the keyhole 
Charpy specimen, do show a rather sharp ductility 
transition at low energy levels. It seems likely that 
these ductility transitions may also prove suitable for 
evaluating the ability to resist cracking in service. 
The ductility transition, rather than the fracture transi- 
tion, is believed to correlate more closely with perform- 
ance. 
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APPENDIN 


An attempt is made below to explain by means of 
flow and fracture curves how and why two transitions 
occur. To do this, different locations on the cross see- 
tion of the specimen must. be considered separately in 
order to explain how the mixtures of shear and cleavage 
fracture occur. Both the ductility and fracture transi- 
tions are directly associated with the percentages of 
shear and cleavage fracture which are obtained, as has 
been pointed out. 

Consider a notched bend type of specimen which 
will produce a transition curve such as the solid curve of 
Fig. 1, where both transitions are sharp and clearly 
defined. To avoid the e mplhicating effects of compres- 
sion, the Schnadt-type of specimen will be examined 
In this specimen a drilled hole at the back of the speci- 
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men eliminates the compression zone. It will be as- 
sumed that fracture will occur when the flow curve 
intersects either the curve for cleavage failure or the 
curve for shear failure, the type of fracture obtained 
depending upon which of the curves is intersected 
Such hypothetical curves have been proposed by 
Davidenkov®™ and are shown in Fig. 12. Since due- 
tile fracture does not generally obey a critical tensile 
stress condition, a single curve for shear failure prob- 
ably should not be assumed.** The argument to follow 
might be presented without employing such a curve by 
assuming that shear failure occurs if the flow curve and 
the curve for cleavage failure do not intersect. The 
discussion will be simplified, however, if it is assumed 
that shear failure does take place along some such curve 
as that presented. 


BELOW THE DUCTILITY TRANSITION 
At a temperature immediately below the ductility 
transition, an entire cleavage fracture is obtained with 
All points 


on the cross section of the specimen must, therefore 


practically no accompanying deformation 


behave in an essentially elastic manner and follow a 
curve such as OA in Fig. 12 srittle failure occurs 
when Curve OA intersects the curve for cleavage frac- 
ture. 

As long as the specimen behaves elastically, the stress 
concentration at the base of the notch will be high 
Moreover, in such regions of high stress concentration 
the stress at which vielding occurs may be considerably 
in excess of the normal yield point This effect has 
been called “elastic superstressing.”” Orowan** states 
that the usual upper \ ield point may be exceeded bv a 


> 


factor of 2 or 3 at the bottom of a notch 


BETWEEN THE DUCTILITY AND THE 
FRACTURE TRANSITIONS 


Consider, now, some higher temperature at which the 
material at the base of the notch will start to flow and 
behave in a ductile manner As flow occurs, the stress 
concentration will be rapidly reduced to unity.2° The 
reduction in stress concentration will thus be accom 
panied by a decrease in the longitudinal stress at the 
notch surface which elastic superstressing had originally 
raised to a value considerably in excess of the normal 
vield point. 


It might also be said that when flow first occurs the 


high stress concentration at the notch causes the 
material at the base of the notch to flow at a relatively 
high rate. This high strain rate would serve to elevate 
the initial portion of the flow curve As flow continues 
the reduced stress concentration would reduce the rate 
of flow and tend to ce press the flow curve 

The flow curve, therefore, for a location at the surface 
of the specimen at the bottom of the noteh would lool 
like Curve OBCD As soon as vielding occurs at B 
the reduction in stress concentration and the resultant 


lower strain rate vill start to lower the longitudina 
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stress until, say, it reaches Point C. If plastic strain 
has essentially eliminated the stress concentration when 
the curve reaches C, additional strain will pl diuce the 
usual type of true stress-strain curve, CD. At D, the 
material directly at the base of the notch fails by shear 

Other parts of the cross section, however, will not 
follow this same stress-strain curve because of a dif- 
ferent degree of stress concentration, triaxiality caused 
by the notch and the added effect of the crack which has 
formed at the notch bottom. Triaxtal stresses exist In a 
notched specimen except at the surface where only 
biaxial stresses are present. Curve BCD applies only 
for a biaxial stress condition lrianial stresses serve to 
raise the longitudinal stress for a given strain and, hence, 
to raise the flow curve. There is some justification for 
believing that the state of stress rises to a maximum 
triaxiality at some short distance below the notch sur- 
face,*® and this will be assumed in the present instance 

The flow curve of a location slightly below the notch 
might therefore be represented by Curve EF in Fig. 12 
At this location there is less stress concentration and 
less elastic superstressing than at the surface and the 
material starts to flow at / The decrease in stress 
concentration with increasing plastic flow and the pres 
ence of triaxial stresses cause Curve EF to assume a 
position such as that depicted. When the material just 
below the notch has flowed to Point F, it will be as 
sumed that a crack has just begun to form at the surface 
of the notch. From Point F on, therefore, the sharper 
crack and the increasing depth of the notch probably 
serve to raise the flow curve somewhat so that failure 
finally oceurs at G, and again it occurs by the shear 
mode 

For the type of specimen being considered, it is not 
believed that the triaxiality will increase to any extent 
after the crack has penetrated to a relatively small 
depth Assuming this to be so, Curve FG will be con 
cave downward and will soon tend to follow a path 
approximately parallel] to the flow curve indicated for 
the material before the crack formed 

Ata position in the bend pecimen some hat further 
from the notch than the location which gave the flow 
curve EFG, increased triaxiality will further raise the 
flow curve so that it intersects the curve for cleavage 
failure at some point to the left of P ( leavage trac 
ture then results. This situation is not sketched in 
iv the eurve would start below hut « na between 
Vand P 


At a loeation still further from the notch, no stress 


concentration (and no elastic superstre ing vill exist 
flow will therefore occur ilong OR The formation ot a 
erack at the notch surface then elevates the curve to 
RS Suppose that when the flow reaches S, cleavage 
failure starts to oceur at a position nearer the notch due 
to its flow curve intersecting the curve for cleavage 
failure just to the left of Point P? Che cleavage failure 
starts to take place rapidly nd great Nncrense the 


strain rate This effect mav cause the flow curve to 
turn sharply ird along instead 


out to Point M 
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It will be seen, then, that a small area under the notch 
fails by shear and absorbs considerable energy. Most 
of the specimen, however, fails by cleavage, and absorbs 
much less energy per unit area. The total energy ab- 
sorbed would be the sum of the areas under all the 
curves, such as those deseribed, for all of the different 
locations across the breaking section. 

The transition from brittle behavior, as portrayed by 
Curve OA, to the behavior just described would be 
synonymous to what has been called the ductility transi- 
tion. Moreover, the analysis indicates that transition 
from very low energy absorption to appreciably greater 
energy absorption would occur without any (or, at least, 
relatively few) values of intermediate energy absorption 
being obtained. This type of behavior does occur in 
the Charpy keyhole-notched impact test and is believed 
to oecur in tests on other types of notched specimens al- 
though too few data are available to make a more posi- 
tive assertion. 


ABOVE THE FRACTURE TRANSITION 


The fracture transition must now be explained. At 
the temperature just discussed which produced such 
curves at BCD and QRST, consider the location closest 
to the notch where the triaxiality reaches as high a 
value as it ever would attain. Such a location exists if, 
as assumed, the degree of triaxiality does not continu- 
ally increase as the crack progresses, but, rather, levels 
off to a constant value after the crack has progressed a 
relatively short distance. Suppose that the flow curve 
of this point is represented by QLM (the surface of the 
specimen starts to crack when Point L is reached). No 
position further from the notch could then intersect the 
cleavage failure curve to the left of Point WV unless in- 
creased strain rate caused it to do so, as along Curve ST. 

It will be seen that in order to obtain a completely 
shear fracture in the whole specimen, the temperature 
must be raised sufficiently to lower Curve QLM_ so 
that it intersects the curve for shear failure. As soon 
as QLM intersects the curve for shear failure just 
below Point P, the energy absorbed increases abruptly 
toa high value, for at all locations on the specimen cross 
section the flow curves will intersect the shear failure 
curve. 

The change from a relatively small amount of shear 
fracture to totally shear fracture represents what has 


been called the fracture transition. The energy ab- 
sorbed increases from intermediate to much higher 
values with few values falling in between. Such be- 
havior is characteristic of specimens large enough to 
permit a crack to develop its maximum severity before 
having traversed the whole specimen. 
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Now... a Blade-Type Holder 
in the famous Jackson quality 


Here is good news to those weldors who prefer blade type 
arc welding electrode holder's. 


Check its many features and give it a try. You will agree 
that here’s a holder that is economical, safe and cool working. 


it consists of a minimum of parts, all easy to replace and 
at low cost. 


Metal parts are more completely insulated. Crown-type 
jaw insulators of laminated fiberglass with melamine binder 
and other high heat resistant material, are stronger than ever. 


Tested during a continuous duty cycle at 300 amps and 
using ten '4 electrodes, the temperature rose only to a 
comfortable 130° F. (pyrometer tested) on the handle. 
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or high acetylene yield... 
specify National Carbide 


produced under 


laboratory supervision 


Rigidly controlled and tested dur- 
ing manufacture . . . and produced 
from the finest lime and coke avail- 
able, “National Carbide” (meeting 
all Federal Specifications) assures 
every customer an exceptionally 
high acetylene yield per pound of 
carbide — a minimum 414 cu. ft. 
This high quality, plus careful 
adherence to a special packaging 
technique accounts for “National's” 
wide acceptance as the Carbide pro- 
ducing maximum acetylene produc- 
tion... at lowest operating cost. 

Also, and of vital importance to 
you, no matter where your plant is 
located. “National Carbide” can be 
obtained in any quantity from a 
nearby Airco office, authorized 
dealer, or warehouse. 

For more information about this 
top-grade product, write your name 


and address on the margin below, 


and send it to your nearest Airco 
office or authorized dealer for a 
copy of Catalog 30. 


* * * 


Air Reduction supplies Oxygen, 
Acetylene and other industrial 
gases... Carbide ... and a complete 
line of gas cutting machines, gas 
welding apparatus and = supplies, 
plus are welders, electrodes and 
accessories. Ask us about anything 
pertaining to gas welding and cut- 
ting. and are welding .. . we'll be 


elad to help you. 


More new about” 


AIRCO) products 


Airco’s 300 pound 
(double rated — 600 cu. 

ft. per hr.) and 500 <= 
pound (double rated — 
1,000 cu. ft. per hr.) 
stationary acetylene 
generators are suitable 
for operating all types 

of welding or cutting 
torches. 

Automatic in prin- 
ciple, these generators 
feature hot galvanized 
shells — inside and out, 
with all welded seams. 

Operating parts have 
been reduced to a mini- 
mum — and are easily 
accessible for inspection or repair. 

Also included as standard equipment are 
“protectomotor filters” to entrap suspended 
lime, and prevent clogging acetylene pipe 
lines, regulators and torches 


The Airco Type “P” 
portable actylene gen- 
erator is designed and 
constructed for ¢ ffi- 
clency, convenience, 
dependable and low- 
cost operation .. . and 
requires little attention 
other than draining and 
refilling with carbide 
and fresh water. Other 
features include: 
—Quick, easy 
charging 
Lift” principle 
of water circulation 
—Glass viewing 
window in carbide 
hopper 
—Simple and conveniently located 
controls 
—Large-size sludge agitator and valve 
for complete and fast sludge removal. 


Made in three sizes, each approved for 
double-rated operation: 15-lb. size, 30 cu. 
ft. per hr.; 30-Ib. size, 60 cu. ft. per hr.; 
and 50-Ib. size, 100 eu. ft. per hr 


All Airco generators conform 
with the specifications of Under 
writers’ Laboratories and Factory 
Mutual. 
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